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20 ABSTRACT

By: H. L. Murphy*

This report covers the results of the latest phase of a 3-phase
project, with the overall objective of developing a set of expedient and
engineered techniques, for upgrading the air blast and related effects
resistance potential of basements in existing buildings. The purpose of
upgrading such basement spaces is to provide shelter when needed by persons
in: host areas, where the bulk of the population is expected to be during
an attack, that are located at and beyond the 2-psi air blast range, using
selected target aiming points and Mt-range bursts; and, risk areas, where
shelter is needed that is within 15-minutes travel time of each key worker's
place of work and provides potential shelter for 30- to 50-psi air blast
ranges, in terms of peak free field overpressure.

Chapters of this report's main text are devoted to discussions of:
background; general principles applicable to upgrading basements; closures
for all basement shelter openings/apertures, in terms of principles for
providing them; needs to be met in strengthening the structure over shelter
candidate basements; some techniques and materials that can be used for such
structure strengthening; and, shelters for key workers. In general, the
main text of this report is intended for the artisan, the appendices having
the more extensive, technical data and discussions.

The titles of the appendices are: Blast-Resistant Design/Analysis
General Approach; Plywood Stressed-Skin Panels (Two-Sided Only) as Closures -
Design and Fabrication; Plywood Stressed-Skin Panels (Two-Sided) as Beam-
Columns; Plywood Use for Closures - Design; Wood Beam and Column Design -

Simply Supported; Home Basements Upgrading in Host Areas; Blast-Resistant
Design/Analysis of Steel Members; and, Structural Steel Local Availability
and Use for Blast Shelter Upgrading.

The suggestions, guidance and tahbnical help of M. A. Pachuta, G. N.
Sisson, and D. W. Bensen, FEMA, are gratefully acknowledged, as are the
contributions of former colleagues C. K. Wlehle, E. E. Pickering and J. E.
Beck.#
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SUMMARY

This report covers the results of the latest phase of a 3-phase
project, with the overall objective of developing a set of expedient and
engineered techniques, for upgrading the air blast and related effects
resistance potential of basements in eisting buildings. It is recom-
mended that any serious user of this report have copies of the reports
covering the first two phases at hand. The purpose of upgrading such
basement spaces is to provide shelter when needed by persons in host or
risk areas or elsewhere. As stated in the second phase report, some
work results were reported there for which the work was actually per-
formed under this third phase's funding.

The first two phases of work were performed under a policy guidance
that called for exploiting the inherent ultimate blast resistance of the
slab over the basement selected for upgrading consideration, that is,
upgrading work that would strengthen the remainder of the floor support
system to a level equaling the inherent strength of the floor slab. The

hoped fo- result was shelter adequate for, say, 8 to 15 psi blast free
field overpressure. Exceptions were made, of course, such as the case
of a large basement cut in half by a long-way interior corridor, and
covered on each half with a rather long span, one-way slab running
between corridor walls and outer walls; the basement cover slab's poten-
tial blast resistance could be upgraded considerably by simply running
added support walls parallel to the interior corridor and supporting
each existing one-way slab at its midspan.

In this (third) phase of the project work, shelter guidance for
selection of candidate basements for upgrading has been re-oriented to
meet the CRP (Crisis Relocation Plans). The CRP requires shelter in two
kinds cf specific geographic areas, which are located by study of
selected attack areas in the United States and relative air blast ranges
from the targets:

1. Host areas, where the bulk of the population is expected to be
during an attack, that are located at and beyond the 2-psi air blast
range, using the selected target aiming points and Mt-range bursts.
Circumstances have required, in certain cases, a policy exception to
provide shelter at and beyond the 3 psi range; the appendix on Home
Basement Upgrading for Host Areas is specifically aimed at meeting this

shelter need.

2. Risk areas, where shelter is needed that: (1) is within
15-minutes travel time of each key worker's place of work; and (2) pro-
vides potential shelter suitable for 30 to 50 psi air blast peak free
field overpressure. Such shelter is discussed in Chapter 7.

The remaining chapters of this report's main text are devoted to a

more complete background discussion; a discussion of general principles
applicable to upgrading basements; a discussion of closures for all



r
basement shelter openings/apertures in terms of principles for providing
them; a discussion of the needs to be met in strengthening the structure

over shelter candidate basements; a discussion of some techniques'and
materials that can be used for such structure strengthening; and, a dis-
cussion of shelters for key workers as just mentioned. In general, the
main text of this report is intended to be understandable to the non-en-
gineer/architect and to provide help, for such a person as an artisan
semiskilled in carpentry, in dipping briefly into several of the techni-
cal appendices to use them without having to either study or understand
completely each entire appendix.

The titles of the appendices are: A. Blast-Resistant
Design/Analysis General Approach; Al. Plywood Stressed-Skin Panels
(Two-Sided Only) as Closures - Design and Fabrication; A2. Plywood
Stressed-Skin Panels (Two-Sided) as Beam-Columns; A3. Plywood Use for
Closures - Design; B1. Wood Beam and Column Design - Simply Supported;
82. Home Basements Upgrading in Host Areas; D1. Blast-Resistant
Design/Analysis of Steel Members; and, El. Structural Steel Local
Availability and Use for Blast Shelter Upgrading.
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suitability, and applicability by a licensed professional engineer,
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Chapter 1

INTRODUCTION

This report covers the results of the latest phase of a 3-phase

project, with the overall objective of developing a set of expedient and
engineered techniques, for upgrading the air blast and related effects

resistance potential of basements in existing buildings. Reports cover-

ing the first two phases are References (I and 21.1 It is reco ,iended
that any serious user of this report have copies of both references at

hand. ' The purpose of upgrading such basement spaces is to provide shel-
ter when needed by persons in host or risk areas or elsewhere. As
stated in the footnote on page 1 of the second phase report [Pef. 21,
some work results were reported th'ere for which the work was actually
performed under this third phase's funding. 3

The first two phases of work were performed tinder a policy guidance
that called for exploiting the inherent ultimate blast resistance of the
slab over the basement selected for upgrading consideration, th, t is,
upgrading work that would strengthen the remainder of the floor support
system to a level equaling the inherent strength of the floor slab. The
hoped for result was shelter adequate for, say, 8 to 15 psi blast free
field overpressure. Exceptions were made, of course, such as the case

of a large basement cut in half by a long-way interior corridor, and
covered on each half with a rather long span, one-way slab running

between corridor walls and outer walls; the basement cover slab's poten-

tial blast resistance could be upgraded considerably by simply running

added support walls parallel to the interior corridor and supporting
each existing one-way slab at its midspan.

In this (third) phase of the project work, shelter guidance for

selection of candidate basements for upgrading has been re-oriented to
meet the CRP (Crisis Relocation Plans). The CRP requires shelter in two
kinds of specific geographic areas, which are located by study of
selected attack areas in the United States and relative air blast ranges

from the targets:

0 Host areas, where the bulk of the population is expected to be

during an attack, that are located at and beyond the 2-psi air
blast range, using the selected target aiming points and tit-
range bursts. Circumstances have required, in certain cases, a

policy exception to provide shelter at and beyond the 3 psi

I Brackets are used herein to indicated sources in the References list

at the end of this report (main text).

Z Available for purchase from NTIS, Springfield, Virginia 22151.

1 For example, original Appendices Al and A3 herein.



range, meaning that Appendix B2, Home Basement Upgrading for
Host Areas, is specifically aimed at meeting this need for shel-
ter against 2-3 psi air blast peak free field overpressure.

a Risk areas, where shelter is needed that: (1) is within

15-minutes travel time of each key worker's place of work, -'1

(2) provides potential shelter suitable for 30 to 50 psi ai
blast peak free field overpressure. Such shelter is discussed

further in Chapter 7.

The remaining chapters of this report's main text are devoted to a

more complete background discussion; a discussion of general principles

applicable to upgrading basements; a discussion of closures for all

basement shelter openings/apertures in terms of principles for providing
them; a discussion of the needs to be met in strengthening the structure

over shelter candidate basements; a discussion of some techniques and
materials that can be used for such structure strengthening; and, a dis-

cussion of shelters for key workers as just mentioned. In general, the
main text of this report is intended to be understandable to the non-en-
gineer/architect and to provide help, for such a person as an artisan
semiskilled in carpentr,,, in dipping briefly into several of the techni-
cal appendices to use them without having to either study or understand
completely each entire appendix.

AcknowI edgments

Through suggestions and guidance, the technical help of M. A.
Pachuta, G. N. Sisson, and D. W. Bensen, U. S. Federal Emergency Manage-
ment Agency, was freely given and is gratefully acknowledged. Similarly

acknowledged are: the work of a colleague, J. E. Beck,4 in assisting
specifically in preparing Appendix A2, as well as contributing pieces,

plus advice in technical discussions, used in many places in this
report; considerable work earlier in this project phase by another col-

league, C. K. iehle; and the work of E. E. Pickering s in preparing
Appendix El.

4 Formerly at SRI International and currently the principal of James

E. Beck and Associates, Palo Alto, California.

Consulting Civil Engineer, Mlenlo Park, California.
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Chapter 2

BACKGROUND

The Introduction section of the second phase report 123 has been
updated and is used below.

Because of their inherent shelter potential, basements of substan-
tial buildings having a concrete slab first floor (supported by either
steel or reinforced concrete beam-girder-column systems) are the natural
choice for relatively high degrees of protection. The first floor
(floor over basement) concrete slab ordinarily has a rather high degree
of air blast (collapse) resistance, because for normal use it must with-
stand individual Point loads, as well as general area loads. The sup-
porting beams and girders become progressively weaker, in that order (in
ultimate or collapse strength), however, as the tributary areas served
increase in size and thus the effect of normal use Point loads decreases
for these heavier supporting members. Columns may or may not be rela-
tively weaker depending on the height of the building. It is frequently
found that the first floor slab itself will resist about 10 psi peak
"side-on" air blast pressure or more, but that this potential is
degraded rather seriously by weaker beams and girders, and sometimes
columns. In addition most basements have exterior openings, and all
have interior openings, permitting air blast to enter (assuming that the
air blast wave passes through or destroys the building above the base-
ment). Thus, the general principle to be followed is to exploit the
relatively high floor slab resistance, through closing openings as well
as applying strengthening measures to the other portions of the first
floor system and possibly to the basement column system. If the first
f'oor slab does not have an acceptable level of inherent blast resist-
ance, upgrading the basement may still be well worth considering but
should be balanced against the cost (in materials, elapsed time and man-
powpr used) of alternate schemes for shelter (e.g., expedient/field
shelters; constructed R/C (reinforced concrete) and/or corrugated metal
ducts (see Chapter 7); mines, etc.).

The measures available for upgrading existing basement space for
shelter purposes may be categorized as either "expedient" or "engi-
neered." Expedient measures are those that can be accomplished in a
relatively short period of time (say two to three days) during a crisis
build-up period by building occupants using readily available materials.
Expedient measures may be pre-engineered with resulting designs distrib-
uted in advance in "how-to-do-it" drawings and instructions. Engineered
measures also require longer periods of time and the services of profes-
sional engineers for evaluation and design, perhaps tailored to a spe-
cific building or a specific type of building.

Upgrading measures considered include prevention of air blast entry
into the shelter space, reduction of air blast loading on exposed areas,
strengthening of floor system structural members, provision of debris

5



protection, provision of "last resort" shelter in case of floor system
collapse, and other protective measures. Both closed and open shelter
situations were considered as were post-attack considerations.

For the expedient case, the most common vulnerability problems were
examined and principles of protection are given. Specific building fea-
tures requiring protection are illustrated and suitable methods of pro-
tection and materials are presented. The degree of protection afforded
by the various methods and materials are given. Suggested local sources
of materials and required tools are also given. The expedient section
is prepared in "how-to-do-it" illustrative manner so as to permit ready
application by non-engineer building occupants and other untrained per-
sonnel.

For the engineered case, the air blast resistance characteristics
of suitable basements in existing buildings are described along with
upgrading principles and techniques. Methods of evaluating individual

i buildings for basic first floor system air blast resistance are dis-
cussed. Upgrading design guidance for various building features is

given. Specific detailed evaluation and design procedures for the more
complex upgrading problems are given in appendices. Several examples of
existing buildings are also given, with basement upgrading measures
applied.

It is intended that this report, together with the first- and sec-
ond phase reports [1,2] serve as a basic reference and guidance for
civil defense planners, building owners, occupants charged with upgrad-
ing shelter space for themselves, engineering enterprises, and others
concerned with the air blast upgrading of existing buildings before or
during a strategic population relocation, or other civil defense shelter
program. The information contained herein will also be useful for expe-
dient upgrading, on an opportunity basis, of buildings used for tempo-
rary shelter in the population relocation or "host" areas.

Many of the matters mentioned above were covered in the first-phase
report [1] for which an overview is provided by including that report's
Contents, Table and Figures lists; see Table 1. Figures 1 through 11 of
the earlier report [1 provide schematics or concepts for closures and
structural strengthening; the later work reported in Reference [2) and
hereinafter includes engineered/predesigned data for use in closures and
in structure strengthening.

For technical readers such as civil engineers and architects inter-
ested in strengthening of basements for combined nuclear weapons effects
shelter, recommended reading includes the Appendices herein plus Refer-
ences [1 and 21 for existing basements, and References [3 and 4] for
basements under design or planning.

6
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f Open Versus Closed Shelters

Some vulnerability problems of open and closed shelters are dis-

cussed starting on page 6 of Reference [I, as indicated in its Contents
list reproduced herein in Table 1. Certain matters, however, are worth
brief mention here.

Open shelter requires that all materiel in the shelter be fastened
with sufficient strength to resist the anticipated entering blast wave,
or else such items of materiel may well become missles causing injury or
death. An alternative is to surround the materiel items that pose

potential missle hazards with a blast resistant barrier, so that the
blast wave does not strike the items. Dealing with such potential mis-
sle hazards can be expensive (in terms of materials, elapsed time, and
manpower), varying with the type of structure: for example, a parking
garage might be provided with such missle hazard reduction on a cost-ef-
fective basis, whereas a potential shelter space with many pieces of
equipment of varying degrees of fixity could well dictate against con-
sidering open shelter.

Closed shelters can be provided with aperture closures (see Chapter
4) and, within the range of air blast peak free field overpressures con-
sidered in this study, that is up to 50 psi, materiel will generally not
require fastening in place; exceptions would be made in the case of
overhead items by insuring that the fastenings are adequate to take any
shock or vibration hitting the overhead structural members.

For host areas, where shelter against air blast up to 2 or 3 psi
(see Chapter 1) are contemplated, work in anchoring materiel items might
be expected to be modest in cost.

Subject to these brief comments, this report generally contemplates
the use of closed shelters, unless specifically mentioned otherwise. A
parking garage, for example, could well be the exception because of the
problems of providing closures for the vehicle entrances in contrast to
the cost of anchoring down or removing materiel items.

Appendices

The appendices of this report include several that are new to the

work and others that are extracts, revisions, or provided totally by
reference to a previously published appendix. Because of the manner of
their development, the appendices are not numbered in the order of their
use (as perhaps they should be).

10



Chapter 3

UPGRADING EXISTING BASEMENTS - GENERAL

This report is concerned with upgrading work for nuclear effects

shelter in existing bulding basements, that are fully or partially

below ground level ard that can be bermed with soil up to the level of

the first floor slaj. If floor-level berming simlply cannot be accom-

plished for the ertire basement, the lessened radiation protection, as

well as the need for increased blast protection of exposed wall portions

(peak reflected pressure from a blast wave hitting a wall head-on is

approximately three times the peak blast free field overpressure), must

be considered. Generally, use of only part of the basement for closed

shelter is more costly (in terms of available resources) than use of the

full basement, because of the need for blast resistant interior walls

around the partial basement shelter.

Radiation protection upgrading, whether for fallout or initial

nuclear and thermal, usually requires simply additional mass in or on

the floor over the shelter, plus of course the berming mentioned above.

This can be bagged material or loose soil (easily placed on the floor

slab), in sufficient amount for the required level of protection gener-

ally stated in full policy statements only briefly mentioned earlier.

Use of part of the (ultimate/collapse) strength of the overhead slab

will, of course, reduce the strength available for blast resistance.

Calculations involved in such portioning of the overhead floor strength

are illustrated by examples in Appendix B2 on upgrading home basements,

but would be similar for a floor over higher blast level shelters.

Blast resistance needs to be considered in upgrading can generally

be described under the following three categories:

(1) Peak air blast free field overpressures up to 2 or 3 psi: As

briefly mentioned earlier, this level of blast resistance applies to

host areas used under the CRPs (Crisis Relocation Plans). In home base-

ments, one can assume that the interior pressures will have a long

enough rise time to reach the peak p,'essure, to allow handling the blast

loading as a statically applied but very short duration load - stated

another way, to consider the blast load as an impact load only in terms

of duration, not in terms of an instantaneously applied load. Further,

one should consider the ultimate/collapse strength blast resistance of

the floor over the basement, not with the usual design factors of

safety. These matters are discussed in more detail in Appendices A and

B2.

(2) Biast resistance equalling a free field overpressure that will

fully tax the inherent blast strength of existing slabs over the base-

ment shelter to be upgraded: Although this level of blast resistance is

not current but earlier policy, as discussed above, this level may rep-

resent the most that can be done for many basements considering the

-- 1
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available time and material sources, and/or may be the most
cost-effective shelter when considered against constructing other shel-
ter, such as expedient shelter schemes 15,6], buried conduits/large
pipes, etc. This blast resistance level should work out to roughly 10
psi for a sizable number of existing basements or, say, 6-15 psi as a
range.

(3) Blast resistance of 30-50 psi peak free field overpressure,

the level needed for risk areas as shelter for key workers, again under
CRPs (Crisis Relocation Plans): Work to date has indicated a low proba-
bility of getting this protection level of shelter in existing build-
ings, unless a truly high level of manpower and material resources is

spent end, even then, serious questions need to be first answered by
tests *oncerning the blast resistance that can be expected from existing
exterior basement walls. This shelter level and related problems are
discussed further in Chapter 7.

Another general or common technical matter that should be mentioned
at this point is that of bearing between existing members and upgraded
members, and their loads and supports. Bearing problems are discussed
frequently in the following portions of this report, in terms of spe-
cific building materials, but two points are worth making at this junc-
ture: first, if two different materials, or two different strength lev-
els of the same material (e.g., wood), must bear on each other, the
required common bearing area will, of course, be determined by that
required for the weaker material; and, second, bearing damage, even

destruction, may be acceptable in upgrading design, because of the
1-shot/i-time loading assumed for nuclear shelter design and the energy
absorbed in damaging components such as the wood cribbing members or the
wood wedges under columns.

For the last general upgrading suggestion, the reader/user of this
report is encouraged to review Reference 1] for its eleven upgrading
schemes shown in pages 15-33, specifically Figures 1 through 11 of that
report. While these figures are not to scale and are thus called
upgrading schemes herein, the following chapters and appendices will
give the reader/user the means to "size" the members, whether beams,
columns, or beam-columns, at least in some of the materials contemplated
for use.

12



Chapter 4

CLOSURES

Closure is used herein to describe the upgrading covering put over
all apertures or openings in the existing basements selected as poten-
tial shelter, whether the opening is for a window, door, ventilation,
utility, or other, whether small or large (for a 2-in. pipe or a double
door). In planning for each closure, shelter ventilation should be con-
tinually kept in mind, and the closure be planned for its ability to
remain open as long as possible if such is needed for ventilation; for
example, a vertical opening might use a steel plate, guillotine-type
closure, that need only be tripped to fall into place, perhaps the
quickest operating of any closure type.

Vertical closures should be avoided to the maximum extent possible,
simply because they usually involve dealing with the blast load's peak
reflected pressure rather than its side-on pressure on the surface of
the ground, the difference being an approximate three times increase in
peak pressure level, if one has to deal with reflected pressure created
by the blast wave striking a vertical wall, or going down a window-well
and striking an end wall. This ratio of reflected to side-on pressure
varies considerably with conditions, but to handle the simple situation
of a blast wave travelling along the ground and striking a vertical sur-
face head-on, with a reasonable distance to travel to clear around the
vertical surface, the ratio is approximately 3 to 1 (at least in the
range of free field overpressures of interest herein); more precise rat-
ios may be obtained by referring to the scale shown on page B1-26 of
Appendix B1. Perhaps the commonest example that might be used would be

that of a window-well, serving the basement of a building from large to
single family residence in size; a closure of the guillotine-type might
well be mounted on the outside of the exposed basement wall to drop down
over the well opening into the building, but such planning would require
this closure to bear the multiple-reflected pressure caused by the blast
wave entering the window-well. A simpler and far better solution might
be to put a closure over the top of the window-well, preferably at
ground surface, and cover it with berming material (soil, sand, what-
ever); the closure might be a plywood panel or a steel plate, among oth-
ers. In later chapters, where the sizing of the closure, beam, column,
etc., is described, the anticipated peak applied blast loading is used,
leaving it to the reader/user to make this peak applied blast loading
the one that is felt by the closure or structural member, whether it be
the peak reflected (head-on) blast loading or a peak side-on blast load-
ing.

An easily overlooked item in the matter of closures is that of the
need for examining the blast resistance/strength of the frame around the
opening to be protected - in other words, can that frame support the

loading to be transferred from the closure to the frame? For example,
openings built into reinforced concrete floor slabs usually have extra

13
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reinforcing steel to support their perimeter. Any doubts about the
adequacy of the frame to support the closure must usually be handled by
some upgrading supports specifically for the frame: For example, there
may need to be some timber framing around the door opening, which fram-
ing is next supported by some diagonal members blocked on the floor to
other walls or to interior footings, etc., (see Figure 8 of Reference

[l for illustration of this diagonal bracing for a wall; it would be
similar for a door frame or any other component requiring added sup-
port).

Frames that support the closure on two opposite sides only, call
for a closure that acts as a one-way bending member that primarily expe-
riences bending stresses along its span between the two support edges.

Similarly, a closure supported on four sides is termed a two-way bending
member; at the risk of being premature, passing mention is, nonetheless,
made here that a two-way bending member gains little in blast resistance
over a one-way member spanning the shorter span of the opening, if the
longer span is more than 2 to 3 times the shorter span of the opening
(more on this later). For a closure supported on three sides, the pur-
poses of this upgrading report are best served by treating such a clo-
sure as being supported only on the two opposite sides and ignoring the
support given by the third side, at least for sizing (design/analysis)
purposes.

Fastening blast closures in place is a matter worth brief mention:
If the closure is to resist blast (we do use closures for radiation
resistance soil alone, of course), and the blast is expected to apply
head-on to the plate as with a reflected blast loading, the situation is
good for a closure lying on the blastward side of the frame, because
there is little tendency for the closure to move sideways and it needs
be held in place only to the extent required for positioning prior to
blast loading. If the blast is expected to hit the closure side-on,
then the fastenings would probably include cleat-type blocks ol some or
all sides of the closure to prevent sliding, as well as the fastenings
to maintain closure position prior to blast loading. The negative blast
wave that usually follows the blast wave's transit has been purposely
ignored; if it's considered a problem in a specific instance, then the
fastenings must be adequate to meet the negative blast phase.

14



Chapter 5

STRUCTURE STRENGTHENING NEEDS

This chapter deals briefly with the strengthening needs of members
in the existing structure, that is the basement that has been selected
for upgrading for nuclear protective shelter.

A. Wood and Steel Existing Bending Members

Wood and steel existing structure bending members have a considera-
ble advantage for upgrading over existing reinforced concrete (R/C) mem-
bers. For example, because of their material homogeneity, steel or wood
beams/girders/floor stringers can have added intermediate supports at
any chosen location along their length (assuming they are prismatic),
whereas an existing R/C bending member can have added supports only
where appropriate after considering whether the principal tensile rein-
forcing steel is located near the bottom or top face of the member, a
serious restriction for the R/C members. One exception should be made
for wood bending members, in contrast to steel members: the wood member
might have been carefully placed so that a tight wood knot (falling near
midspan and located near one edge of the member) is placed so that the
tight wood knot is near the top (compressive) face of the member under

bending stress, rather than near the bottom (tensile) face of the member
under bending load; for such a case (perhaps uncommon), problems to be
dealt with are similar to those in upgrading R/C bending members.
Assessing the benefits of added (upgrading) interior supports under an
existing wood beam, for example, does require consideration of each cri-
terion for sizing (designing/analyzing) the member, because the mode of
failure may change (from flexural to horizontal shear) in shortening the
effective span of the member. For examples in wood bending member
upgrading, see Appendix 82.

B. Reinforced Concrete Existing Bending Members

Reinforced concrete existing members entail much more difficulty in
terms of providing added (upgrading) interior supports in beams: Per-
haps the foremost problem is that of finding out how much reinforcing
steel is imbedded in the concrete and where it is located. Certainly
some assumptions can be made but they are an inadequate substitute for
seeing a set of as-built plans, which may indeed be available from the
building owner or the files of the building department of the
city/county building department.

For upgrading R/C beams, assumptions can be made: The center third
of a single-span, simply-supported beam will behave at least as strong
as a shorter simply-supported span, if supports are added at the third
points of the existing beam. This means that the blast loading resist-
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ance of the center third of the beam has been increased roughly nine

times over its strength prior to upgrading. For a R/C beam continuous

over several simple supports, any span might be similarly examined; if a

quarter of the span length, centered on the midspan, has added (upgrad-

ing) columns, that quarter-span portion of the beam span might have its

blast resistance increased roughly 16 times its strength before upgrad-
ing.

Once these easy assumptions have been made and utilized, though,

things may get sticky for further upgrading, in the absence of details

on the as-built reinforcing steel and its placement: However, in ihe

beam portions between the upgraded midspan portion and the original col-

umn supports, one might put in equally spaced columns at a spacing at or

less than 3 times the overall depth of the R/C beam. This approach

amounts to treating each segment of the R/C beam, outside of the midspan

portion just discussed, as if each new short span of such ends is a con-

crete pedestal (lightly reinforced). Conversely, if one has as-built

details on the reinforcing steel amount and location, such things as a

better approximation of lengths for the midspan portions just described,

the possible membrane action of the reinforcing steel based on its

imbedment lengths, etc., will allow some refinement of the location of

added (upgrading) columns.

Existing structures evaluation (ESE) techniques developed by

Wiehle, Bockholt, and Beck [7A,7B,7C,8] are complex and detailed, but do

deal with these analysis problems peculiar to all R/C members. Similar

thinking to that just described for R/C beams may be used for R/C one-

way slabs, and sometimes R/C two-way slabs.

While R/C flat slabs apparently offer an upgrading potential, R/C

flat plates were examined
6 for upgrading, especialy against punching

shear of columns through the flat plate; the upgrading considered was to

put vertical supports around each column, but even at various distances

(from close to each column out to one-quarter of their span) the flat

plate's predicted blast resistance was increased very little by such

upgrading.

The ESE work specifically in connection with 11 selected NSS build-

ings scattered throughout the United States is described in Chapter 7.

Related testing and analytical work under FEIIA support has been,

and continues to be, done by others [9A,9B,9C], including not only the

R/C member types discussed above, but also including R/C waffle slabs,

flat plates, flat slabs, etc.

The following paragraphs were prepared by J. E. Beck who has just

completed a report on the "as built" strength of building floor systems

[81 and is currently analyzing an additional 25 buildings along with

further model verification/upgrading work:

6 For this project by C. K. Wiehle using his ESE techniques.

16



The best (R/C) candidate members for upgrading are those members

with spans of 18 ft or greater that can be upgraded by intermediate sup-

ports at third or quarter points. Furthermore, analytical results

therein indicated that if upgrading is acromplished by putting interme-
diate supports at about 6-ft spacing, an R/C slab about 6-in. thick can

resist an overpressure of approximately 30 psi blast, and a slab about

8-in. thick can resist approximately 50 psi.

"Most R/C slabs are designed to have a span-to-thickness ratio of

24. Therefore, slabs having clear spans greater than 12 ft will nor-

mally have a potential resistance greater than 30 psi, and slabs having

clear spans greater than 18 ft have a potential resistance greater than

50 psi.

"The predicted upgrading potential of R/C slabs is based on the

calculated capacity of one-way simply-supported slabs with reduced spans

(about 6 ft). Although it is true that the steel reinforcing in an
"as-built" structure may not be at optimum points for upgrading, it is

still probable that the calculated simply-supported strength of each
upgraded center portion is representative of the strength of the slab.

This will also be true even at ends that are designed as fixed and,

therefore, may at first glance appear weaker. This statement is based

on the following observations:

"(1) The detailing of a fixed joint requires twice the moment

capacity of the center of the slab, and compression steel at least equal

to 1/3 the central steel is present in this section.

"(2) If the joint is designed as fixed, it will act as a simply-
supported beam straddling the top of the support member and will have
approximately the strength of a simply-supported element having a free

span equal to the clear distance between the supports."

C. Existing Columns

ESE work on R/C columns has indicated that they are adequate for
much heavier blast loads than their (normal-use) design loads, and espe-

cially in the case of a multistory structure, say, 4 stories or higher,
where the superstructure may be expected to allow most of the blast

loading to blow through between floors rather than subject the basement

columns to higher blast loadings due to such things as overturning con-

siderations. Further, the upgrading just described for beams makes

clear the plan to add a large number of columns, meaning that each orig-

inal/existing column will have its contributory blast loading area on

the first floor considerably reduced in size, and thus its individual

column loading considerably reduced. The need, therefore, for increas-

ing the strength of reinforced concrete columns for upgrading is small

to nonexistent. Similar thinking may be applied to columns of other
materials existing in the basement to be upgraded into a nuclear protec-

tive shelter, in that the remedy is simply to have existing columns

share the anticipated blast loading with additional columns.
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Column footings in structures to be upgraded pose no significant

problems in that those under existing columns will have their load

shared as just described for the columns themselves; for columns added
in upgrading work, a recent test 110] at the U.S. Army Engineer Water-

ways Experiment Station, Vicksburg, Mississippi, involved loading a

square column consisting of four 4x4s (actual 3.5x3.5 in.) strapped
together and bearing on a "typical" concrete floor slab over compacted

gravel over compacted soil, with the results indicating that this column

could carry a static load initially peaking at 50 kips then increasing

to a new peak of 84 kips and degrading somewhat, but always above 50

kips for a loading of some 10 minutes (many, many times the duration of

a nuclear blast loading). This loading amounts to roughly 2,000 psi ol

the column and footing. At the peak loading, displacement of the foot-

ing was 1.0 in. and its displacement at the time the tests was stopped

was about 1.45 in. The test will be reported in a forthcoming WES tech-

nical report, of course, but these results were gratefully received by

those who have planned extensive upgrading work, where many additional

columns have been planned for use supported on a "typical" basement

floor slab with nothing more than a couple of wedges under the column

(for erection convenience).

D. Existing Exterior Basement Walls

Exterior basement walls, whether plain CMUs, reinforced CMUs, or

brick, or certainly R/C construction, have been generally accepted as

having sufficient blast resistance capacity for host area shelters, and

those shelters contemplated where the inherent strength of the main slab
over the basement is to be exploited (say, 8-15 psi air blast peak free
field overpressure). However, serious concern over the adequacy of

exterior basement walls, including walls of R/C construction, has been

expressed when upgrading for higher blast resistance, especially as high

as 30-50 psi, is contemplated. As a result, a FEMA research technical
project officer, at a recent meeting with structural research contrac-

tors at WES, included in the discussions the need for static and dynamic

tests of "typical" exterior R/C walls (fully and partially buried). The
purpose of the proposed tests is not to see whether design procedures

apparently used were adequate (they may be conservative), but more spe-

cifically to determine the blast resistant capacity of such walls in
terms of absolute ultimate behavior (through collapse), that is, to

answer the question of whether or not the soil transmitting the blast

loading to the exterior basement wall will indeed follow and force the

wall inward beyond an acceptable displacement, closely approaching col-

lapse. Meanwhile, planning for upgrading potential, especially for
overpressure levels greater than, say, 15 or 20 psi: must be conserva-

tively evaluated as requiring strengthening of the exterior basement

walls; or can be optimistically continued on the basis that the exterior
basement walls would not fail because the soil will not move fast enough

to push the wall inward further than acceptable. This matter impinges

seriously on the direction of Chapter 7, Shelter for Key Workers (30 to

50 psi air blast peak free field overpressure).
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Chapter 6

STRUCTURE STRENGTHENING TECHNIQUES AND MATERIALS

This chapter concerns meeting the upgrading needs perceived for a

particular shelter candidate basement, as described in the preceding

chap ter.

The chapter deals with bending members (lateral loads only) such as

beams, closures, girders, etc.; columns (axial loads only); and beam-

columns (both lateral and axial loads). It deals with these three kinds

of structural members by sizing the members to meet the need. The siz-

ing may be done: by determining from the need the size of member
required (design), and whatever material; or by assuming a particular

member's availability and finding its strength capacity (analysis), then

comparing the capacity with the need. The aids available herein, as

described below, may be oriented to both design and analysis depending

upon which way they are entered for use. One may, for example, know the

load to be met on a given floor over a basement and the contributory

area to be served by a column, then look at a table of column strengths

and find which column(s), if any, will meet or exceed the need, using a

table/graph/chart of column strengths (thereby using a little design

with a little analysis!). Above all, the reader/user should not let

terminology deter him/her from using the material presented (the author

hereby invites comments on any simplification needs encountered).

Appendix A has been prepared for the artisan or the professional

engineer/architect as an attempt to introduce the terminology basic to

the structural problems in handling impact/dynamic loads, such as air

blast, meeting loads that are applied in zero to a very short time and

that have a short duration (of the order of seconds).

A very useful aid in reading graphs (such as those encountered in

the appendices of this report, as well as those used in such civil
defense training such as that given for Fallout Shelter Analysis) may be

easily prepared and will prove very useful if given a trial: obtain an
ordinary drafting (plastic) 45-degree triangle, clear, of about 6 to 8

inches on the two equal (short) sides; use any straight edge, a careful

eye, and any sharp pointed instrument to scribe lines parallel to each
of these two sides, perhaps a quarter-inch in from the edge although

this is not critical; and, use a sharp pencil to darken the bottoms of
the scribed lines, then wipe off the excess graphite. The aid then can

be used on a design graph where multiple curves must be either read

directly or interpolated between (for a particular value described by

the curves or spaces between them), in order to read values from the

abscissa (bottom) and ordinate (vertical) sides of the graph.

This chapter is organized first by materials to be used (wood and

steel in various forms), then by specific strengthening applications,

such as the aforementioned beams (bending members), columns, and beam-

columns.
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Wood Availability and Use

Appendix C, Typical Stockage - Local Lumberyards, Reference 12), is
short and is recommended for complete reading by the reader/user.

Specifically, the predesigns reported on below (Appendices Al and

A2) used generally available stress graded lumber in one relatively
strong and one relatively weak grade and species for each of two size
ranges - one pair of grades for 2x3s 7 and 2x4s (Light Framing; Construc-

tion grade for strong, and Standard grade for weak) and one pair of
grades for 2x6s and 2x8s (Joists and Planks; No. 1 grade for strong, and
No. 2 grade for weak). These choices are shown in Table 1B, Appendix C

[21,8 complete with the predesigns' stresses as underlined in that Table
and used below (Appendices Al and A2). Tables 1A and 2, Appendix C [21,
show the complete list from which the grade choices were made. (A later

complete list is provided by Table B1-2, Appendix B1 herein.)

Lumberyards have shirt-pocket size booklets, published by grading
associations (list in Reference (2] of Appendix B2 herein) giving stress
grading data by lumber kind, type and size; see also Reference [11].9 in
any case, try to use construction grades/stress-graded wood members; if

stress data are unknown, simply use the tables/figures that follow
(e.g., as in Appendices Al and A2) and choose those calling for "lower
strength stringers" or similar notation.

Although specific data have not yet been published/distributed,

strong indications are appearing, among the professional engi-
neers/architects in the research community, that lumber grading in too
many areas and instances to be ignored, has not been up to standards
achieved in the past; there may be well-founded reasons for this (the
increasing proportion of second growth timber in the market), and thus
not quality of work alone. At any rate, an artisan familiar with wood,
even only casually, can use the shirt-pocket size grading booklets and
their data, as mentioned above, plus some careful reading, to check or
redo the grading work on any wood materials that become available for
upgrading use. The regrading may not be as precise as that done by one
regularly working in the field, but that is not the point here. Fur-
ther, the artisan (e.g., one semiskilled in carpentry) need not follow

upgrading guidance alone but, for an example, can see to it that, if
he/she must use a wood member as a beam and must use one that has a
sound knot near an edge, the sound knot is put in the top edge of the
(single-span, simply-supported) beam (compressive stress) rather than in
the bottom edge (tensile stress).

7 Nominal (actup'' limensions are 2x3 (1.5x2.5), 2x4 (1.5x3.5), 2x6
(1.5x5.5), and =xo (1.5x7.25) inches.

8 Delete "Select Structural" in left column of table.

9 Copies of References [111 and 1121, one each, are furnished with each
copy of this report sent to Distribution List addressees shown herein.
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For plywoods, the predesigns (Appendices Al, A2, and A3) used pri-

marily plywood grade Underlayment Interior (American Plywood Association

(APA)) in Species Groups (of both face plies) #1 and #3, but the results

also cover plywood grades Underlayment Exterior (APA), C-D Interior
(APA), and C-C Exterior (APA), all in Species Groups #1 and #3; nominal

thicknesses used were 1/2", 5/8", and 3/4". Additionally, plywood grade

2.4.1 Sturd-s-Floor Interior (APA), manufactured only in Species

Group #1, was used in 1-1/8" nominal thickness, both alone and in combi-

nation with some of the thinner plywood grades just mentioned (the '

thickness). All plywood qrades used in predesigns are the most plenti-

ful and were assumed to be planned for use under dry conditions (equi-

librium moisture content less than 16%).tO

Each sheet of plywood should bear an APA (American Plywood Associa-
tion) Grade-Trademark stamp on one of its faces. Typical markings are

shown in the fourth column of the table on page 14 of Reference [121. 9

The reader/user of this report is urged to look for and use such stamped

markings, because lumberyards are prone to apply a local terminology,

contrary to the forma, terminology and that one stamped on the sheet of

plywood; for example, a usage local to the author's home area is to

advertise and describe a plywood grade as "CDX" (both orally and

printed), even "CD Exterior", a plywood "grade" that is not listed in

those of the APA. Instead, the plywood grade of these sheets is actu-
ally C-D Interior (APA) with exterior glue, a plywood grade that can be

found in the listing of APA grades, meaning that geometric dimensions,

allowable stresses, etc., can be obtained (see Reference [1219).

It is recommended that the stress-graded lumber user consider
obtaining a copy of Reference [111.' Similarly but for plywood, Refer-

ence [121. 9

A. Plywood Stressed-Skin Panels (Two-Sided)'1 as Closures

Appendix Al, Plywood Stress-Skin Panels (Two-Sided Only) as Clo-

sures - Design and Fabrication, includes a detailed treatment of the

subject, aimed at the designer (engineer or architect); certain sections

would be, however, of interest to the artisan reader, who might choose

to gain an overview of Appendix Al through use of its lists of Contents,

Tables and Figures (pages Al-iii and -iv).

10 If dry conditions do not apply, all plywood must have "Exterior Glue"

(so stamped); blast resistance shown in tables of Appendices Al, A2,

and A3 would be reduced about 50% (conservatively; full redesigns are

needed for a better estimate).

11 Abbreviated as PSSPs herein.
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Lumber ("2-by") sizes and grades considered for use in building

PSSPs are discussed in the preceding section, as are plywood grades and
nominal thicknesses. Figure 1 shows a cutaway perspective view of a
4-stringer PSSP, which also illustrates both continuous and non-continu-
ous headers, as well as splice-plate installation. The latter may have
little use herein, because closures are not expected to be needed in
lengths longer than the 8-ft (sometimes 12-ft) plywood sheets that are
available in plywood stocks of lumberyards. Another view (this one
dimensioned) of a similar PSSP is shown by Figure Al-lA of Appendix Al.
Both view4s show PSSPs with one outside stringer inset 1 in. and the
other outside stringer projecting 3/4 in. so as to provide tongue-and-
groove behavior among side-by-side panels; such detailing is perhaps
impractical for the rapid construction of expedient option closures dur-
ing a one- to three-day warning period, and such detailing is not
recommended for other (mostly strength) reasons as well.

To obtain the strength benefits of stressed-skin structural behav-
ior, ° PSSPs are built with the plywood face plies running parallel to
the stringers, which must be joined to the plywood by either nailed-
glued or pressure-glued construction (the latter is better so should be
used if facilities are available therefor). See the Fabrication sec-
tion, Appendix Al, for details.

Table Al-i of Appendix Al presents 248 designs in a form for direct

reading: Columns 1-4 present nominal thickness and Face Ply Species
Group for the top and bottom plywood skins of the PSSP designs; columns
5-6 give the nominal size (2x4 to 2x8) and number of stringers (per
48-in. wide PSSP), with the latter showing 4, 5, 7, and 9, but 6 or 8
may be used by taking values (in columns 7 and beyond) between 5-7 and
7-9, respectively; columns 7-8 show the PSSP required bearing length on

each end support (in addition to the clear span dimension), in terms of
bearing length on the plywood bottom skin and on the stringer bottom
edge, respectively (the latter happens to be controlling in all
designs); the remaining columns show, for each of the designs, the
PSSP's estimated peak air blast overpressure resistance (psi) for clear
spans from 2 to 12 ft by half-ft increments, but omitting any value
below 5 psi. In a particular application, the ciear span for the blast
closure will be known, as will availability (sizes, grades, etc.) of
plywood and stringers; from this point one might proceed as follows:

(1) Consider that the data presented covers four plywood grades in

three nominal thicknesses and two face ply species grades, plus a fifth
grade in one nominal thickness and one face ply species, and the plywood
combinations are each used in predesigns with two stringer strengths
(termed lower and higher in Table Al-l) - all as described in the pre-
ceding section, Wood Availability and Use.
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(2) Consider the data for, say, the 6th PSSP design (with 7
stringers), Table Al-1: Top and bottom skins nominal thickness are 3/4"
and 1/2", respectively, both in Face Ply Species Group #3, and the 7
(lower strength) stringers are 2x4s (nominal dimensions).

(3) Required bearing length at each end of the PSSP, in addition
to the clear span length, would be the larger value of Columns 7-8, or
3.5 in.

(4) For a clear span of 2.5 ft, the estimated peak air blast
(side-on) overpressure resistance would be 9 psi (Column 10).

(5) Equivalent free-field air blast peak overpressure to the 9 psi

just found, which is for overpressure when applied side-on, would be
4 psi free-field air blast peak overpressure if applied fully reflected
(i.e., head-on); the peak blast pressure felt by the PSSP would be 9 psi
in either case, if taxed to its estimated design resistance. The graph
on page B1-26, Appendix B1, may be used to find such "side-on" versus
"head-on" equivalent free-field air blast peak overpres'ures, in either
English or SI (metric) units (it is sufficiently accurate for purposes
herein to use 1 kg/cm2 = 100 kPa = 100 kN/m 2 in reading the graph).

(6) For PSSP widths less than 48 inches: Convert the planned PSSP
width and stringer spacing to a 48-in. wide equivalent PSSP; select the
equivalent 48-in. PSSP number of stringers so that its stringer spacing
is -qual to or wider than that in the planned PSSP. Find the applicable
overpressure value for the known clear span, as above; such value may be
used without reduction for PSSP widths of 24 in. or more, but it is
recommended that it be reduced linearly from 0% to 50% for PSSP widths
of 24" to 8", respectively, with the latter being the narrowest width
recommended for use (this recommendation is adapted from Reference [2J
on page A1-29). NOTE: Panel width, as used throughout this section, is
always measured perpendicular to the span direction of the PSSP.

(7) Selection of a particular PSSP design for planned use would
probably be by trial-and-check repeated use of Steps 2 through 6 above.

An upgrading example using the above PSSP as a horizontal closure
is shown on page A1-22 and illustrates the case of apportioning the
PSSP's load capacity between peak air blast loading and soil (for
nuclear radiation shielding) loading.

B. Plywood Stressed-Skin Panels (Two-Sided) as Columns & Beam-Columns

Appendix A2 deals with this subject on includes a continuation of

the design procedure of Appendix Al, thus requiring frequent reference
work between the two appendices. Aside from the continuation of the
design procedure, the preceding section on PSSPs as closures, and its
Figure 1, should be reviewed by the reader/user, as should be certain
descriptive figures and general sections of Appendix Al, perhaps espe-
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cially the section on fabrication of PSSPs. Table A?-1 of Appendix A?

is a listing of the computer program developed for the design procedures

in both Appendices Al and A2, thus t e program will hadle les. n/ana)y-

sis of PSSPs, whether for use as beams, columns, or beam-coluns. Table

A2-2 provides data on P3SP designs similar to that provided by Table

A1-1 of Appendix Al, but the former has the design data for columns and

beam-columns, and includes only PSSPs that have the same plywood top and

bottom skins. Table A2-2 shows, for column use, the total axial

dynamic/impact load (in kips, or 1000s of pounds) that each PSSP may

carry, the principal (and perhaps only real) use of the data. Also

shown, for beam-column use, is data on the beam-column capacity of each

PSSP in terms of an axial load equal to 20%, 40%, 60%, and 80% of the

pure column use load, with each percentage related to the capacity

remaining for lateral loads in terms of psi. All axial loads are rela-

ted to a 48 in. wide PSSP.

Appendix A2 includes a sheet, PSSP Upgrading Example - Column,

showing a sample calculation for a PSSP acting as a column, axially

loaded (only) with both air blast and soil for fallout radiation shield-

ing.

C. Plywood Panels as Closures

Appendix A3, Plywood Use for Closures - Design, covers the design

of plywood panels as closures over apertures such as those found in

basements. The design procedure applies to panels supported on two

opposite sides of an aperture, or on all four sides.

The design procedure was used to develop the predesigns shown by

Tables A3-1 and -2. An example of use is as follows: Referring to

Table A3-1A, assume that 3/4 in. nominal thickness plywood is available

in CD-PLUGGED INTERIOR (APA) grade in Face Ply Group 3 (so stamped on

each sheet of plywood), and find from the table that one should refer to

Table A3-1B, Block Numbers 8 and 16, for 1/2" and 3/4" plywood, respec-

tively, meaning that Block No. 16 applies to this example; further, onp

should use the second line of that Block for Face Ply Group 3, in which

line one finds values of (free field, side-on, long duration) peak air

alast overpressure, in psi, for seven values of clear span, in inches,

such as 20 psi for an 8-inch clear span. Attention should be given to

the footnote of Table A3-1B. So far span conditions dealt with have

been one-way simply-supported.

Two-way (supported on all four sides) span conditions are handled

by further referring to Table A3-2 where one finds that, for Block Num-

ber 16 (of Tables A3-1B), the assumed plywood would have its 20

psi/ &-inch span strength increased by 19% if supported on all four

sides of a square opening/aperture 8"x8" (1:1 ratio of longer to shorter

clear spans).
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Appendix A3 contains further details if desired hy the user. If

ava iIat)Ie plIywood i s riot one of thle 10 g rades en te red i n T ablIe A 3 -1A
( including 2 multi -graide entries) , recourse to thle design procedure
starting on page A3-3 will be nerpssary.

0. Rood Beams anid Columns

Appendix B1, Wood BEam and Column Design - Simply Supported, covers

sii~ cg /nlss of wnod ec,"rs - whether used solidly (side-by-
side, on edge or flatwise) or spa~ced as in flou)r joists anid roof raft-
ers, anid also whether used sinri Ie -spani~ or cont inruous over several spans,
all simply suipported - as well as, wood (' lumns. f Ur thIepr ,d iff er e nt
treatment is shown for wood beams uJsed sol idly, when covered with a thin

sheet of p1 vucid (retii -m-hLeruJ', or i thou t a pl ywood cover
(singlIe-member use), becaus e thle allo~ablP fleXujral stres,, 1 b is differ-
ent for these two uses.

Appendix BI ha% two major seftions, W~ood Beams - Simply Supported

anid Wood Co ti mis Simple Suppor ts A de io/analIys is prOedLre is pro-
vided in each of these two major s ect ions.

An ilIlustr ative example is presented in) parariraph (S), page 81- 13,
of Appenrdi x BI, for the use of wnorl beams siolidly sine-by-side, with a
t h in plIy wood couv er iriij The next par aoi aph ( 6) deals w-, th the s ame prob-
lem. hut with tfie thin plywood covering omitted-

S ii rn of wood beamss usedp at spacings of 12 , 10, and 24 in) is cov-
ered by an Ill ustrative exaimple iin par'..jr aph 1) parle BI- 1-., A 1,p)eiJiI x
B8I. No te Th Iie r eS UlIts o f t Ii i s sriicj differs from the example, I P rhowir i in

Appendix B? , Home Basements upiradir1igc in) Host Areas, beraurse tie latter
resul ts are based oin interi mr 1blast I imitcd to 5 ps i or I s, on the

floor above t!-e bas ement, result i )( ini the uje of a g~radual r s P t mre;

in contrast ,tire trealmrnit in) Appendix I'l corisiders the hi arut I oa d i nq
rise time as z~ero. The resul ts in) Appendix B? :; cn he roi,rr ftnd toi'~r

rthose of Appendix B1 by mu)lti ply ing thre forme-r by a far tsr if 71/1

For correcting the blast resrstaiire found f or a S ImplIy scip)Jrrr ted

beam over a s ing le-span to a s implIy sulpported beam extending~ cu-i j

ously over two, three, fo u r, or f ive equal ,rans of the ;amre idi ir'a)
span length, a ProcPdure and t abul1a t ion o f cu r r Pu,,t muo f a, tur1 1-

vided on page 81-141, Appendix B1

For the sizingq (desiqigfnaraiss) of woo( -t c oluj-mns, 0isiilsp

ports, a dlesignr procCdure is proniv id bigj inniug or, pu-'jrP811 Apu~indix

81 . A nruiierircal eXarripIe beg1! irs our P;igC B1-72 ari1d uses f u1u I t 'i "f In Ci Iin

the table anid graphs of Figrer 91-?2. A d iscuiss ion of the aoirua, v 4

end bearing iii colIumns f ollIows,

Rev iew , l igh t or heavy , of Append ix B2?, Home Basemien ts 1 inudrirnni ni
Host Areas, i s rec ommended f or the re ader/usjer coni Por red w i Itue. of
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wood members in upgrading, both beams and columns; numerical examples
and blast resistance values for lower and higher strength woods are
included.

E. Peak Blast Resistance - Side-On versus Head-on

Finally, a conversion graph is given in Appendix B1 (page B1-26)
for converting free field overpressures up to 50 psi when applied
side-on, to an equal value of free field overpressure applied head-on,
or fully reflected; "equal" in this sense means equal in peak blast
pressure felt by the member (for example, the peak blast pressure felt
by a structural member from 45 psi applied side-on is equal to 16 psi
applied head-on (fully reflected)).

F. Steel Plates. Sheets. and Shanes

Appendix El, Structural Steel Local Availability and Use for Blast
Shelter Upgrading, is recommended for complete reading by the reader/
user of this report.

Appendix D1, Blast-Resistant Design/Analysis of Steel Members, dis-
cusses steel design generally, structural steel material properties and
strength/resistance expressions. Tables present the stresses used for
sizzing members (primarily plates and sheets), based on the AS1I1 designa-
tion for the steel, designations that are regularly used by steel sup-
pliers. An applications section begins on page 01-9. which covers the
sizing of steel plates as closures, acting either as one-way or two-way
flat plates on simple supports; the secti,-n includes numerical exar"ples
carried along with the disiussion. The examplle uses a table and graph,
Figure 01-1, for solvng the one-way plate sizinq problem, w th correc-
tion factors for all steels, arid correction factors for two-w~ay plates
from the oie-av Plte graphi -wal soluto rPitl tS.

use of steel plates ard shapes may be considerably limited by
weight hand] ino I im tat ions Where no eqUipment is; ava ilable, other t',z n
hand al'or (Figure 01-1 solutions stop at arouLnd 500 pounds maximum
weight of the steel member ) The use of steel shapes is not covered
further in this report
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Chapter 7

SHELTER FOR KEY WORKERS

There is a need for shelters upgraded to the 30 to 50 psi air blast
(peak free field overpressure) range. Such shelters will be in the
"risk" areas briefly mentioned on page 2 herein; this shelter is needed
at locations within 15-minutes travel time from each key worker's place
of work. Such shelter has also been mentioned above in paragraph (3) on
page 12 where it is stated that "Work to date has indicated a low proba-
bility of getting this protection level of shelter in existing build-
ings, unless a truly high level of manpower and iraterial resources is
spent and, even then, serious questions need to be f irst answered by
tests concerning the blast resistance that can be expected f rom existing
exterior basement walls."

Also discussed earl ier (paragraph D, page 18) , is the very ser ious
problem of lack of knowledge/test results on) the ultimate blast resist-
ance capaci ty ( through col lapse) of ex ist ing exter ior basement wallIs in
buildings considered for shelter use.

Table 2 presents the results of ex ist ing structures evaluat ion
(ESE) work done by James E. Beck 181 on I1I builiinqj zr ro!ss the nti ted
StaLc-z; these NSS buildings are part of the ?1O-hUldir'q "RTl sta.tisti-
cal sample" often used for FEMA studies, both resePar ch and opit Cnal.
Table 2, present ing some resul ts of the ESE work , al ,o has infurmatrion
added under this project,. as shown along the r iqht s ide of ear h ,!,iet of
the table. Attent ion is parti1CUlarlIy Yinvi ted to the oata on YIA
BASEMENT WALL" on the right side of the first sneet of tie table. tlhe
data point up the discussion of the exist i ng e xt vr or,1 ia sc-.ii rt , ul II
problem ment ioned earl ier and ri ted alhuve w ;f thfo er ne i v r ti p S ( t ! 1

mean or 1,1 probabilIi ty valIue (onf t 1)e i i, i( prie rit t Ll ar Ic t c P er , P0;ur5.I

shown in the data, as on thc i rrht of I ale the, o.erall r,ji I,Irw
vlery i ttle promise for upqrad ig exist Itncj thase;ri.i rts t,, thep J ~ ',, os);

blast range; whether one looks; at slah,, 'PC' I , P~r' ~C~ qrd r 1'.

( RC G) ,o r o)i s ts (CCF ) .of r e inf oir c ecl cr e tcP 
1
,P p) Is '5! p a, 11 .

f or the ir Uri Ited flo or st retiri thi exceedirIn a .uilue ,n 'i'i 1 ii lip V , - f

30 to 50 psi range Momeritar I~v igjrior in ri the ba, emen-it wai I pr i~t Iu e

extensi ve upgrad ing Would hie r eciun r eI firr allI ',tn V toLF l Mfi"'i'f IVain',t

wi thout except ion) arid for eacnlC cln'ireS Us1J1p(Ir t f rancP, ti real h

desired overpresLire r ange Cjs t p f f eir i 'es i i f ,s. 1 'e s -, !f ,-v
tUreS Of manipower anid mater ials. ('01111 We I I d I tiate P . i, 1 f 1PIeli ' f
exped iePnt shelIter s, or o ther alI ter na t i p

one alternative is the uise of cnn ,ent ional la~edi a-nct F r a d
,u I er t ma ter i a I s ( A f t n d orn e xam Ie k. ( h i 'A'e as vfpi i'' .

rius i ear f ip ! ni tests ) to pro~ n de hn :qh of "Cl r- s 0 0 't- t o n a n

cor)f v goir at 1 r)n These -, incr I Uodp R/C vmi F)P C oP na tfi e t-f (I s t , .' ",

al o )f ojind '411d 'rCa t tle pass"' Jun ionru, f ;wer..'s , in ,, ' i',

arc h shaped ( iem-i r culjar i mult I p [ ate oi r gaq jte' ,t. 1
,naqa: , rip) St r f t-ire V- p I P 1I to tI j
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F!

The question arises, however, as to how much of these materials

could be mobilized and installed in a crisis build-up period of, say,
one year.
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Appendix A

BLAST-RESISTANT DESIGN/ANALYSIS GENERAL APPROACH

Introduction

The purpose of this appendix is to discuss several matters that are
common to all blast-resistant design/analysis approaches, whatever th.
construction material. This and the following engineering appendices

are aimed at architects and engineers, but generally those weak in, say,

indeterminate structures and dynamic structural analysis.

For collateral reading, there are many references: the overall

source-book on nuclear weapons effects 11, using its Contents and Index
to locate items of interest],' an early paper, tightly written, that is
now a classic (21 (an errata was later published: delete the denomina-

tor "6" in Eq. 2, p. 49; delete the fraction bar in text line below
Eq. 7a, p. 56; and, change the "q" subscript to "e" in line 7, p. 58);
the first professional society manual on the subject, still current 131;
two bulky manuals [4,51; a textbook 161; and, two publications used in
the preparation of this and other appendices herein [7,81.

In this and following appendices, design and analysis may be used
with little difference in meaning. In most cases dealt with in upgrad-
ing, design is accomplished by seeing what materials one has to work

with, then determining each potential member's blast resistance (analy-
sis) when used under a particular set of conditions. Most often a
design/analysis procedure will he presented followed by a simplifying
graph or table, which is used by entering either with the member parame-

ters to find its blast resistance, or with its desired blast resistance
to find the needed member parameters (size, useful stresses, span,
etc.).

Newmark has clearly stated a simplified approach to blast-resistant
design/analysis [8(Ch.7)1 from which the following material is quoted
(parenthetic connective words or insertions are by this writer):

"The various factors governing structural design for blast resist-

ance . . . include loading, structural resistance, design considerations
as affected by the material used, and the structural properties of these
materials. . . . Resistance expressions for different materials and
support conditions (are presented in following appendices).

Brackets are used herein to indicate sources in the References list at

the end of this appendix.
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Loading

The simplified loading (Figure A-1) of the various structural ele-
ments . . . are . . . assumed (to be) . . long duration step pulses

z

with pressures Pm, which are a function of the location of the
elements and their orientation with respect to the blast wave. (In Fig-

ure A-1:

t time, measured from arrival of the blast front (sec).)

Structural Yield Resistance

"For the long duration step pulse loading shown in Figure A-1 the
relationship (among) the design parameters is:

pm/qy = 1 - 1/(2.) (1)

where:

Pm = peak pressure (psi)

Py = the (idealized) yield resistance of the structural element
(psi)

= the ductility factor defining the maximum acceptable

response of the structure, i.e., the ratio of the maximum
deflection to the yield deflection

"Two important design parameters do not appear in the above equa-
tion. These parameters are:

td = the duration of the (positive phase of the blast) loading
(sec)

T = the (effective natural) period (of vibration) of the struc-
tural element (sec)

These parameters do not appear (in Eq. 1) because the ratio td/T is con-
sidered to be infinite, or effectively greater than about 3. Reference
[2 or 31 may be consulted to obtain the relationships replacing the
above equation when the ratio td/T is small.

"The structural yield resistance qy and the limit of acceptable

structural response g are determined by considering the resistance-de-
flection curve for the structural element. The resistance q (is) consid-

ered as a static loading distributed spatially in the same manner as the
air blast loading;

2 A loading whose application is instantaneous (i.e., rise time equals

zero) and duration is long.

A-2
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p - -
Pm

.47

t -0
Time, sec

Source: Reference 8, page 169

Figure A-I BLAST LOADING
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q truCtural ressta,.. Irs.stJ

is plotted in F iqure A 2 here

q V the structural yield r , ,tance (psi)

The defIer t ion is also plotted in i ur e A 2, where

xe 0 the yield def lection

The ductility factor

t -- (X~m/X.)

where

xM ithe maximum acceptable defiection.

In the selection of x,, both structural integrity arid structural func-

tion should be considered. The value of xm should not be greater than

the deflection at which the resirstance of the structure begins to drop

off or fracture occurs. Operational requirements, e.g., avoidance of

jamming of a door or its operating mechanism, may set a lower limit on

Xm.

"Figure A-2 is a typical resistance-deflection curve with its ide-

alized bi-linear representation as used in design. The idealized

resistance function is constructed so that the area under both the real

and ideal curves are equal (from zero to) yield (xe) and (from yield to)

maximum response (xm).

"The design involves establishing the required yield resistance for
the structural element and then providing this resistance in the struc-
tural element (or analysis involves knowing the latter and finding qy).

The peak pressure Pm is evaluated (by considering expected peak

overpressure, peak expected pressure and reflection factor, peak room
filling pressure [7(p.8-112)1, etc., and) the orientation of the struc-

tural element with respect to the blast wave. If allowable maximum

deflection is set by structural considerations, the ductility factor p.

is a function of the type of structural element and materials used. If

operational requirements govern, the ductility factor i' will be selected

to limit the maximum deflection of the structure to the permissible mag-

n i tude.

"In the (following appendices), expressions are presented for yield

resistance qy, yield deflection Xe, and the period T for (structural)

elements of various materials and structural types. The maximum recom-

mended value of the ductility factor based on consideration of struc-

tural integrity is presented for each material and each structural type

considered. These gi values must then be checked to insure that the

resulting deformations are operationally acceptable.

A-4
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qv

Real Resistance Function

S- - Idealized Resistance Function

Deflection, x

" x / e
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t j t turai P ,r 'per t ies % rlat er aI S

"' l nq ,rij e'; are rresented the strength properties of

f' d * ,j"ItIta e for (basement protective) structures. In

! . to , , ar 'e y nI commercialIV available materials is too

I' f,! .r ,s 'te i . r l) t ii of per tinent properties herein. There-

,r !eiq, teSte for protective design (may be)

X. e ', ,e stf trgq th talul at ions.

"* , P. . . r es are desiqt ed on the basis of a predicted

a I, oq (te f i d e i ther by the limit of acceptable

' <, '.it , r '' o p et J oil a pe of the structural element.

I-. I fr ta'rie , e Iat I. i aluofe mode is desired in design

a,, ,t. am 't- 4',', i9  ate at)sorhed it inelastic deforma-

i P, h , re1 i t:orrenpond generally to the prob-

t , - . .'1 ', ' . , t e 'it i 1, I irner the blast I nading condi t ions.
"S.. . ' * ,,i , , haht) le yield stresses for the mate-

,, • ; P e. ,m '- aICS sinre it i s desired to estimate the

.. : r, r. ' r ts a element rather than a lower limit

AT • t e • 1) V, r P"

': '''" , -,.,,...,,;:',., ';j layst 0 ,erpreo.stre

s c, ': '.'.e f'it t1,P rpak blast desiqn overpres ure p ,f is

4. T . , ' ., ,, ... ,e lt.e 4orner 15 a value that should
-f. . t no t reachncrg incipient collapse or

..~ ~,, f , the latter should be a median

r ' ' ': ' , 'aod ( , say, o"'r probability of not

*i I. u r'a' t vO d f fa 1 rr r' fit i on) s base 1

)s at dI' a 1 fa, tcrs of safety wrunq out

t ', I ! , , 1 iil 1 1 L'a:'S, var ioius structural

0,, ''" ' .. ''; *. . t '-.' r] 4 ' ' 1' ,0m1. r e ponSe (tharacteris-

" . . 4. ' ' , ' ,al rg, ' ,i 4 e . a';t r brat I of) T). Thus , If

* " ' ,' .,' ,,, ', i ,, 
I.  h' e' 045, lii rd ti the same dynami c strength

* ,,, 'f . I r ,' , 'I ,vv ' load(s ) Therefore, if
t* , , , .,- t al Ir , ,al elcmaT rrts is to be set, it

d ;.. r, , a- , tat 15 1 this case air blast
a" "t t 't . s t tr t r 

,  
, - , tiE's i itt nclear air blast

.- U'e 't , ay f, 4ar tor o i a 4
etv S l IS jy taken as

rr' ., , -'r I';Ia t ,'rI f , e ''r 1) -l,5lipred most ikely to

f'o~' fr riro,'',I , , as, t Iit' 1 pres!-sir e th)a t onle

I' ' t', i' te t ' :' the at ter 's tn he sUb )ect to a fur-
f ,v I ,j, e .tws t tro t) s far tor is simply used
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as a multiplier on the peak pressure arrived at by either of the two
methods just described.
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NOTATION

Pm = peak pressure (psi)

Py = the (idealized) yield resistance of the structural element (psi)

q = structural resistance (psi)

qY = the structural yield resistance (psi)

T = the (effective natural) period (of vibration) of the

structural element (sec)

t = time, measured from arrival of the blast front (sec)

td = the duration of the (positive phase of the blast) loading (sec)

Xe = the yield deflection

Xm = the maximum acceptable deflection

Ii (Xm/Xe)

=L the ductility factor defining the maximum acceptable
response of the structure, i.e., the ratio of the maximum

deflection to the yield deflection

A-9
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Appendix Al

PLYWOOD STRESSED-SKIN PANELS (TWO-SIDED ONLY) AS CLOSURES -

DESIGN AND FABRICATION

Extrac (with minor revisions) from the main text and Appendix Al of

Murphy, H. L., Upgrading Basements for Combined Nuclear Weapons Effects:
Predesigned Expedient Options, Stanford Research Institute* Technical
Report, for U.S. Defense Civil Preparedness Agency,# October 1977.
(AD-A054 409)

* Now SRI International

# Now Federal Emergency Management Agency
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Design

A design procedure for plywood stressed-skin panels was developed

because plywood and suitable wood members for the necessary stringers

are in abundant supply in local lumberyards, and because efficient use

of such materials can assist greatly in meeting the existing basement

upgrading need for many closures against air blast entry into the base-

ment.

Existing design procedures were studied, used as a basis for devel-

oping the procedure that follows, but had to be carefully reviewed/

modified/rederived to make them both dimensionally consistent (and thus

more readily convertible to metric units, a contract requirement) and

usable for panel widths other than 48 in. (a limitation built into the

present procedure).

The developed design procedure is limited to plywood stressed-skin

panels with both top and bottom skins, both of which are used with the

grain of the outer plies parallel to the stringers. Adequate shear

transfer between plywood (flanges) and stringers (webs) is assumed,

based on using pressure-glued or nail-glued joining techniques. The

normal-use allowable stresses in the procedure are intended for applica-

tion to panels at least 2 ft wide (measured perpendicular to stringers);

narrower panels are subject to reductions in allowable stresses.
2 (p. 9 )

Design Procedure. The design procedure (steps) follows:

1. Assume a trial section and clear span (in direction of stringers),

and that panel is fully and uniformly loaded. See Figure IA.

2. Get values for b ("b distance"), both for top bt and bottom bb

skins (Figure iB). If clear distance between stringers, Figure IA,

exceeds 2b for both skins, this design procedure is inapplicable.
1 (p .5)

3. Calculate N.A. (neutral axis location) for deflection. Use bottom

of panel as reference line for moment arms , applied to areas A//E,

Superscript numbers are related to the references list at the end of
this appendix. Reference 2 must be held by the user, particularly
for its Tables, pp. 9, 14-17 and 26; holding Reference 1 is unneces-
sary but may be desirable. (Reference of this report's main text
is later reference and not significantly changed from Reference 2
herein.)
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Top Skin -5/8" UNOERLAYMENT Group I INT APA
IFor this thickness and stringer spacing, a 5 ply 5Slayer
panel ihould be used for resistance to concentrated
floor loads.)

A 2.728 in.2 /ft
1 0. 141 in4 /f t t il
Ii 0.023 in. f ~ "1(1/4" gap each

ii side of splice

2 x 6 Douglas fir- , -

Larch No 1 i,

stiner splice plate

P= 19.4 in.4 
,' ''Bottom Skin - 5/16"

0.625" /' t , / Aii 1.914 in 2 /ft
I 1 0.025 in 4 /ft

5.375-

0.3125' 1/2--1.' 34" -,12
- 4'*- 0" -

Clear distance 48 -3x 1.5- 1 -0.75
between stringers - 3 -- 13.9"

Total splice plate width 3(13.9 - 0.5) =40.2"

"Includes a 1/8" reduction in depth to allow for resurfacing.

A.

Basic Spacing, b, For Various Plywood Thicknesses
(Face grain paraliei no stringers*)

se- 11".4d b0-h
~,i5 111-11w.,

3t1S..*4 __ isI
77 ~ ~ ~ 1 U-u.-~ *..d bi' Tb'd672 7

14 Un.dd .'dd7 5_ 3

341-1.1- d 4 Liii 4 6 8 8 3
31321 .,, uVd . 31393
1,2~ U".d M.0_____ -I 2292

_3132"p 4) 3

FIGURE~~ ~~~ Al-i PLWOUT-SE-KN0AE1Exml1ralScin

AND TABLE ONSRNE SAIG1

I U iweld Wille



counting only plies parallel to stringers (for A//) and increasing E

values (to correct from effective E to true E in bending), by 10% for

skins2(p.17) 'I(p.7 ) and 3% for stringers. 3 ,1(p .7) A values are avail-
2 (p 1 6 : note units, col. 4: in2/ft)// A calculationable from tables 2 (p " cuato

example is shown in Figure 2A.

4. Calculate parnel (El ) using N.A. of Step 3. This stiffness factor

is for moment deflection only (i.e., excludes shear deflection). Obtain

I values for skins.2 (p 16 col. 5 ) Calculate I values for (combined)

stringers (bd /12), including a portion of any stringer that is partially

outside the plywood skins, as one stringer is in the calculation example

shown in Figure 2B. Same E values and percentage increases are used as

in Step 3.
*4

5. Calculate allowable load (TL) - deflection:
1 5 t2 0.15

Pd =  
384 (EI) AG

where: Pd = allowable TL - panel deflection (psi)

C = factor for max. allowable deflection*

(often 360 floors, 240 roofs, LL only)

(El ) from Step 4 (lb-in. 2 )
A =g (actual) total X-sec. area of all stringers (in.2)

G - modulus of rigidity of stringers (psi)
(taken as 0.06 E plus 3%)

- clear span of panel (in direction of stringers)(in.)

' = width of panel (skins only)(perpendicular to t)(in.)

6. Calculate allowable load (TL) - top skin deflection (cross-panel).

Usually only the top skin deflection need be checked, but unusual assumed

sections may require top skin moment and shear investigations.
1 (p .9)

Check strip I in. wide for allowable total load (TL) and deflection

* If C is based on TL, then p will be directIy in TL units (psi),

without adding the DL term In the equation. (P -9)

t While(EI g)excludes shear deflection, the formula for pd includes it.

AI-3
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0.625"

B . N.A: = 3.22"

3.0" 0.312" 0.156"

Values of AI of plywood from PDS Table 1.
I", E A, ArE y AEy

TopSkin 1.8000 I 1 1 980.000 4 2 778 109 21.600.000 6000 129.60.000

Otnop 1.900.000 11 103 2.8W0.000 4 80 D6 32? 2 9.600.000 3 NO 178.00,000
slotlOml Sin 1.800.00,0ll a I 1 ,.0 4 x 914 7 T66 15,.2 00 Ol156 2.370.000

TolI8I SOO 96.400.000) 310.170.000

-ZAIIEy 310,770,000 3.22"
-ZAJE - 96,400,000 -

A.

0.625't

2.78" 3 9

0.22" 3.06' Y 3.2

0.3 12"1~ l il_
Values of Io of plywood from PDS Table 1.

It. E 10 Aml d d' Aid' 10 -Aiid
2 
IE19+Aid')

TooSk,. %.M0.000 0.I4 9 2.071 713 843 14. 800.1111111)

Strinpr , 2.80.000 76 32.2 072 048 S5 792 147,000.000

ot.. Skin 1,90.000 100 7.66 3,06 936 71 71.8 142,000.000

Tot*d 2309 457.000.000

EIg = 457,000,000 lb-in. 2 per 4-ft width

B.

FIGURE AI-2 NEUTRAL AXIS FOR DEFLECTION AND (Elg)

(Calculations Examples) 
1(p.8)
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(FF or fixed ends beam assumption), based on cross-panel top skin deflec-

tion behavior, as follows:

Pt = 384 El / [C(Z")
3] + DL

where: Pt = allowable TL - top skin deflection (psi)

C = factor for max. allowable deflection*

(often 360 floors, 240 roofs, LL only)

E is for top skin2 (p .17 , no 30% added) (psi)

I is for stress apyl ed perpendicultr to stringers and face
grain2 (p.16 ,cl ; table's in. /ft values must be changed
to in. 4 /in.

V" = clear distance between stringers (Step 2 and Fig IA) (should
be uniform; if not, use longest value)(in.)

Mid-span cross-panel deflection, of course, then equals VI/C.

7. Calculate N.A. for bending. Effective width of skins (as "flanges"

to each stringer) is b/2 on each side of stringer, plus the width of the

stringer. Get b from Step 2. Make sketch showing effective widths with

each stringer, of both top and bottom skins. Calculate N.A. location,

using bottom of panel as reference line for moment arms y; see example,

Figure 3A; E values are used plus percentages, as in Step 3. Recall
2

that A// tabular values are in in. 2/ft width and must be corrected for

effective width of skins (versus total width used in Step 3), as must I
o

skin values; moment arms for skins and stringers are the same as in Step 3.

NOTE: Non-Stress-Graded stringers are omitted in the calculations

of this Step (i.e., valued at zero), even though in Steps 3 and 4 they

would be included.

8. Calculate (Eln ) for bending. Use all data from Step 7, plus using

I for each skin as flanges (from Step 4, but correcting I values from
0 0

full panel width to "effective widths" of Step 7), again correcting for
4

tabular units of in. /ft width, as necessary; use I values for stringers,

as in Step 4 (omit Non-Stress-Graded stringers, though, as in Step 7).

See example calculations, Figure 3B.

If C is based on TL, then p will be dir ctly in TL units (psi) with-

out adding the DL term in the equation.l(P.9)
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Effective width of top skin = 48"
Effective width = 48" -3(03.9 - 12) 42.3"
of boittomn skin

Effective
~/Width of Skin

60" L 3 28"
9"0 13.9

3."Clear Distance 0. 156"

Iteli E Ai AitE y All~y
Top Skin 1.980.000 10.9 21,600,00 6,00 129 600 000I
Sumipa 1,850.000 32.2 59.600.000 3.00 178.800.00

Bottom Skin 1,980,000 2 x. 1.914 - 6.75 13.400,000 0.156 2.090000

94.100.000 310400000

EAII1EY _ 310,490,000 3.8
y - A -11E - 94,600,000= 3.8

A.

27"3.03"

____ ____ ___-4___ - N. A.

0.28"4 312: 3.28"
HIM E 19 Ali II III And' to + Amid' Ei (I + And')
Top S&. .90,000 0964 109 2 72 7,40 80 7 013 161.000.000

Ip Sir"WWu 1.850,000 776 32 2 0.28 0.076 21 so 00 148.000,000
Blonom SO.. 1.90100 00M68 75 3.12 973 657 6908 130,000.000

1,, .2 I 227 2 439.000,0100

En = 439,000,000 lb-in. per 4-ft width

B.

FIGURE A1-3 NEUTRAL AXIS FOR BENDING MOMENT AND (El n

(Calculations Examples) 0 1 1)
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t 1< *, , ,; t , t ri rlf', -I (,)tep 6)

- w- ~ r tt . *~~t U t rat 1)

Y . ill' " , nt I., 't If rI- tu or r t u,

, T. i !it t , c-orrect io t ' ,r 10ttw 0J(j'

t lp .

Ii * t I, u I! t- trot" chttl' ', '. , I lI Ii i-I ,, ud, i n

apt r<' J <I t,11

j IIJ'1 Oll i

wher v p I I ,ah I e 1 o,d Id 1 be, nd i rig ( ps i

F F r F" Irom Steps 9 and I0, as appropriate (psi)t

Fl ) rom Step 8 ( lb-in.
n

F for skin under check, top or bottom (as in Step 3, including

percentage increase) (psi)

c = distance from N.A. for bending (Step 7) to extreme fibre
(of skin tinder check, top or bottom)(in.)

and t' are same as in Step 5 (in.)

Check pb for both top (pbt) and bottom (p bb) skins, then use smaller

value as the applicable pb"

12. Calculate allowable load (TL) - rolling shear:

It is generally sufficient to check rolling shear only in the thick-

er skin (it usually has the larger Qs of the two skins, which leads to a

smaller allowable load). l (p .1 3 )  The skin's critical plane for checking

(in panels with face plies parallel to stringers, a fundamental limita-

tion in the overall procedure herein) is along the glued plane on the

inner side of the inside face ply of the panel; see Figure 4A.

2
Find area A (in. ) for parallel-grain plies outside the critical

plane (note that tabular values are for 48-in. wide panels, so must be

corrected proportionately for other panel widths '), Figure 4B, 2nd or

* Reference 1, p.11, figure erroneously shows 67.5% instead of correct

value of 66.7% (as shown in text example and in other sources).

A1-7

.. . .. _

4T



T ab le ( Gve ' A re i o f . .

P'aliIIel PIe% Outsidje [~ j- - eta
()f Ciit,(Idl Pldne - " T Axs

d C of Panel

Critical Plane for
Rolling Shear r

A.

A and y' for ComputingQs *

Plywood STRUCTURAL I Gratd .oa Group 4 Porta All Ote Pe4 s

Th.cv ru Face Grann to Strmgrs Fea Grain to Strnges Fae Grame to Struurs Few Grean to Stringrs
( Arms y' Area y' Aeim y, Ar ly'

in . ima) lot 1.0hn) 1,."!) hn ) t." .1 ,

Unleaded Poeels
516 475 00495 475 0149 383 00479 264 0149
38 445 00464 5,75 atea 3 1 0 0461 319 01ot

I 2 581 00606 775 0242 625 0131 431 0242

5 8 9 24 0 16 9 75 0 305 7 18 0 140 542 0 305

34 1 34 00765 118 0367 816 0208 653 0367

Sene" Prak
14 336 00350 491 0121 336 00350 273 0121

3 8 3 36 00350 8 51 0 184 3 36 00350 4 73 0 184
2 389 00406 923 0246 389 00406 513 0246

58 456 00475 11 7 0309 456 00415 65! 0309

3.4 12 0 0277 I5 1 0 371 8 18 0 233 8 42 0 372

Touch sanded Portai
' 2 456 00475 835 0224 456 00475 464 0224
1932 793 0174 116 0276 590 0139 644 0276
58 821 0185 123 0288 606 0148 686 0288

23,32 606 00632 145 0344 814 0213 806 0344

14 606 00632 15 3 0356 8 37 0225 850 0356

241 127 0359 165 0547

-A, ea rt~d O 48' -. do Panl Fo, otho, dtrli. urn . 0rOpot.onat* or**

B.

FIGURE AI-4 ROLLING SHEAR CRITICAL PLANE AND Qs
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6th column. Calculate distance d (in.) trom N.A. (tor deflection,s

Step 3) [0 centroid ot A, using moment arm d = c - v' (all in. units),

where c is distance trom N.A. to extreme fibre and v' can be taken from
3

table, Figure 4B. Then calculate the statical moment U (in. :

s = A d s

Calculate Z F t (psi-in., or lb/in.), the sum of the glueline widthsS

over each stringer, each multiplied by its applicable allowable rolling

shear stress F (Reference 2, page 17) but with a 50% reduction applied
s

to outer stringer(s) whose clear distance to a panel edge is less than

half the clear distance between stringers.
I (p .15)

Caiculate allowable load (TL) - rolling shear (PS, psi):

p = (2(ZF t) / (V'Qs )) ((El ) / E)

where: (EF t)(lb./in.), Z and C'(in.), and Q (in. ) are defined above

(EI ) from Step 4 (lb-in. 2 )

E for skin under check, usually thicker one (tabular value plus
10% if taken from Ref. 2, p. 17)

13. Calculate allowable load (TL) - horizontal shear:

Calculate statical moment Q of all parallel-grain plies and

stringers in full panel width ', working either above or below the N.A.

for deflection (Step 3 and Figure 2 can provide numerical data for these

Qv = A d calculations, as an example of course):

( = Qstringers + Qskin E skin / Estringers

where: Qv is defined above (in. )

Qs e = x-sec. area of all stringer portions either above or
below N.A. (depending on chosen approach) times its

centroidal distance from deflection N.A. (as moment arm)
(in.3)

Q = A// for chosen skin X moment arm (in.3) 2 (p .16 , col. 4 for A//Qskin II1
E's as before (Step 3, including percentage increases)(psi)

* Calculations "below" are easier, if deflection N.A. calculations (Step

3) were made as stated, i.e., using bottom surface of panel as refer-
ence plane.

AI-9
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N

Calculate:

Pv = (2 F t / (W Q )) ((EI) / E )
v v g st

where: pv = allowable load (TL) - horizontal shear (psi)

F = allowable stress in stringer horizontal shear (psi) 3(Table I)
v

t = sum of stringer widths (including side projecting portions,
Figures IA and 2 )(in.)

(El ) from Step 4 (lb-in.2)g

E for stringers, as in Step 3 including percentage increase (psi)
st 3
L, ', and Q as above (in., in., and in.

14. Calculate required end bearing length:

The preceding steps that have led to allowable load (TL) under

various criteria have used C = clear span (in.)(Steps 5,6,11,12 and 13),

but for end bearing, the full length of the panel will be greater than

t, sufficiently to provide for the allowable load (TL) in end bearing.

Further, properly installed headers will have to be capable of spreading

the end bearing load across the full panel width of the (thin) bottom

skin; thus continuous headers crossing (nail-glued or pressure-glued)

the stringer ends, and within the cover of both top and bottom skins,

are recommended (see Reference 1, page facing page 1, top sketch, far end,
for example).

The following approach to calculating tL (required plywood end bear-

ing length at each end) considers adoption of the continuous-headers

recommendation just above, but may be also used, perhaps with less con-

fidence in ultimate strength behavior, for blocking-type headers (see

same Reference 1 sketch, near end, for an example).

Let: te = required plywood end bearing length at each end of panel (in.)

= clear span of panel, as before (in.)

= full panel width (skins only)(note: entire panel area, in-
cluding end bearing lengths, are assumed to be under a
uniform loading)(in.)

Pm= smallest of the calculated allowable loads (TL), from Steps
5, 6, 11, 12 and 13 (psi)

Fc, = allowable bearing stress on plywood face, for load perpendic-
ular to plane of outer ply actually in bearing (psi)2 (P.1 7)

1 -10
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[hen: applied load must be less than or equal to resisting capacity:

p &i' 2 F'% ,
[I C C_

or % (rin. at each end of panel) = p in (2 F ,
O In -

It is recommended that L be at least 1.5 in. (38 mm).
e

The bearing length of each stringer end (at least 1.5 or 2 inches)

(38 or 51 mm) should be sufficient to handle the unit blast load on the

plywood panel multiplied by the maximum c-c spacing of stringers and

divided by the stringer width, all in accordance with Appendix B (espe-

cially Figure 6-12, which may be extended as needed based on last

"bullet" paragraphs on page 6-111). See also Figures 9 later herein.

2(p.25,Sec.5.6)
15. Glued plywood end joints (across face grain):

15A. Scarf joints: Sketches of end-of-grain joints are avail-

able. (  Scarf joints are made by bevelling across the plywood

end edges (i.e., perpendicular to stringers and face plies of top and

bottom skins), then joining the bevelled ends with an appropriate ad-

hesive.

For the tension skin: I in 8 or flatter bevels transmit 100% of

full allowable stress; I in 5 transmit 75%; use linear rp3portioning

between these two bevels; and steeper than 1 in 5 are not to be used. 2 (p'2 5 )

For compression skin: 1 in 5 or flatter bevels transmit 100% of

allowable stress; steeper than 1 in 5 are not to be used.

(Note: Finger joints are too complicated to form and otherwise

unsuitable for further consideration herein.)

15B. Splice-plate design (butt joints): While scarf joints are the

recommended technique, this design section is presented for use if

needed. l(p.12,Sec.2.5.6)

For a splice-plate illustration, see Figure 1(2 ,p .4 ) or top sketch

of page facing page 1 of reference 1.

Al-li
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Splice-plates are to: be 1/4 in. clear of stringers at both plate

ends; have skin face grain perpendicular to splice; be of grade and

species group equal to the plywood spliced; and be no thinner than the

skin being spliced. Tension skins with splice-plates are capable of

transmitting 100% of maximum allowable stress. 2 (p.2 6,table) If the

splice-plate is shorter than required for use of an allowable stress in

the referenced table, the allowable stress is to be reduced proportion-

ately.

Calculate splice plate allowable load (TL) - tension:

= (8 F / (ct'lC-2 )) ((Elg) / E)Ppp

where: pp = allowable load (TL) on tension splice at point of max.
moment (psi)

F = allowable splice-plate stress X proportion of panel width
actually spliced 2 (p.26 ,table)

c = distance from deflection neutral axis to extreme bottom
(tension) fibre (in.)

c and (El ) are as in Figure 2A (y) and Step 4, respectively
(in.gand lb-in. 2 )

E is for tension skin, as used in Step 3 (with the percentage
increase)(psi)

t and ' are as before (in.)

Splice plate allowable load (TL) - compression: These plates can

be approved by inspection, for 100% transmittal of allowable stress,

subject to cited references.
2 (Sec.5.6. 1.2 and 5.6.2.2)

Design Stresses - Blast Protection Use versus Normal Use. The

design procedure detailed above is that for normal, day-to-day uses, for

which allowable stresses are prescribed. 2 (p .17 )' 3 Such allowable

stresses are totally inappropriate for one-time blast loadings, with

their extremely short (essentially zero) rise-times and short durations

(I or 2 seconds in our range of interest, even for megaton weapons),

inappropriate in that they result in seriously underestimating the ulti-

mate strength of structural members under blast loadings. The reader is

referred to Appendix BI herein, especially the introductory section and

the "Design Procedure" section; within the latter, specific attention is

AI-12



invited to its introductory section and design steps I through 4. Such

referenced reading covers the very basic structural dynamics, bilinear

blast resistance, ductility ratio w, etc., as well as the increased

stresses used in blast-resistant design: for wood beams, the increases

are four times for Fb and Fv (extreme fibre stress in bending and hori-

zontal shear stress, respectively) and no increase in Fc, (compression

stress perpendicular to grain, or bearing stress). Authorities are

cited.

An examination of literature helpfully furnished by the U.S. Forest

Products Laboratory, Madison, Wisconsin, indicated the following: Tests

on plywood stressed-skin panels (PSSPs) to destruction were few in the

literature furnished, being restricted to tests on PSSPs with narrow,

plywood stringers where all (predictably) failed along the stringer glue-

lines; the allowable stress increase of 100% for impact loads2 (Sec. 3 .3 .1l)

5
seems to be well supported by a test report in terms of both short dura-

tion loads and fast rate of loading, for both wood and wood-based mate-

rials (including plywood).

If one considers that "allowable" stresses in most cases (and mate-

rials types) are based on a factor of safety of about two, we can then

arrive at a factor of four (including the 100% for impact) for ultimate

strength under short, rapidly applied loads - a factor of four for

certain stresses, at least. These stresses might include, for

PSSPs:2 (p.17) Fb, Ft, Fc, Fv and F, but not Fc!.

Pending receipt of better information based on sorely needed tests,

these dynamic stress increases were tentatively adopted for use herein;

test data found were for static loadings, or for loads within severe

limits on deflection, or for loadings far short of failure/collapse (as

used in typical air blast loadings and design technology). 5,6

For a value of the ductility ratio -p, however (see App. BI, Design

Step 3), a value of two was similarly and tentatively adopted for PSSPs,

with a value of three tentatively continued for wood beams, again hoping

to obtain appropriate test information in the early future. For a

* See Appendix BI following.
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dynamic load simplified to a step pulse (zero rise-time to a constant

loading of infinite duration), the relationship is

Pdm = Pm (1 - 1/(2p)) = p m(3/4), for p = 2

Typical Designs of PSSPs. In order to handle the many sets of

design computations required in producing a reasonably adequate catalog

of pre-designs, a computer program was prepared (in Dartmouth BASIC),

following the above 15-step design procedure (Step 15 on design of ply-

wood end joints was not included in the design output, although it is

included in the computer program). A listing of the computer program is

used, but as revised for use there, is shown in Appendix A2.

The pre-designs covered clear span ranges from 24" to 96" for

lighter panels and from 24" to 144" for heavier. Stringers included

2x4s, 2x6s and 2x8s of both relatively low and high strengths, thereby

covering a considerable range of lumber species among those readily

available in local lumberyards. Several plywood types/species/grades

were examined, with complete pre-designs using two types/grades through-

out; this was coupled with use of face ply species groups #1 and #3,
except that #3 was not used for the 1-1/8" plywood because of unavail-

ability.

The pre-designs of Table 1 are limited to two plywoods: Underlay-

ment Interior (APA) in face ply group species #1 and #3, for 1/2", 5/8",

and 3/4" thicknesses; and 2.4.1 Sturd-I-Floor Interior (APA), which is

only made in #1, for the 1-1/8" thickness. These plywoods have high

availability in local lumberyards in the indicated thicknesses.

Also having similar availability are three other plywood grades:

Underlayment Exterior (APA), C-D Interior (APA) and C-C Exterior (APA).

Pre-designs were prepared using these three plywoods in sufficient number

to show that Table 1 may also be used for them with insignificant errors

(all on the conservative side).

All included panel dead load (DL), which was less than 0.1 psi in all

cases, thus Pdm values are appropriate for laterally loaded panels
used horizontally or vertically.

Al-15
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Fabrication

Fabrication of plywood stressed-skin panels (PSSPs) is concisely yet
7

thoroughly described in a publication available upon request. The pub-

lication emphasizes the need for adequate gluing in order to develop the

composite action of plywood stressed-skins and the stringers. Results

from mechanical-pressure gluing have been found to be generally superior

to nail-gluing (latter, properly performed, is the basis for the design

section herein, however); supplies needed for nailing may have to be

estimated in advance, for which the following extract will be useful:
7 (p .6)

"Nails shall be at least . . . 6d for 1/2" to 7/8"
plywood, 8d for I" to 1-1/8" plywood, . spaced

not to exceed . . . 4" (along the framing members)
for plywood 1/2" and thicker, using one line for
lumber 2" thick or less, and two lines for lumber
more than 2" and up to 4" thick (wide)."

Glue, recommended for use in accordance with the manufacturers'

recommendations, should be one of the two following types: Interior,

for use when the equilibrium moisture content of the materials used does

not exceed 18%, may be casein type with a mold inhibitor, conforming

with ASTM Specification D3024; Exterior, for higher moisture contents,

conforming to ASTM Specification D2559.

Nailing without gluing simply does not exploit the strength of

PSSPs and the capabilities of their materials - the nails can too easily

yield along the grain of the stringers so that they are inadequate as a

shear transfer mechanism. The sparse test data found clearly show con-

cern with deflection, not flexural, behavior as the controlling criterion,

thus ultimate strength is not considered.

In the absence of some kind of ultimate strength behavior tests,

the author has no basis for a recommendation, even heavily qualified, on

the relative strength of nailed-only to nail- or pressure-glued PSSPs.
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Further Work

As mentioned in the section on "Design Stresses . above, tests

for ultimate strength (i.e., through to failure/collapse, recording full

load-deflection history including time) under dynamic loadings, or even

under static loadings if well into the plastic range, are badly needed

as a better basis for design of PSSPs as blast closures. With such in-

formation, one might be, for example, justified in design procedure use

of numerical integration of the equation of motion, instead of the less

rigorous approach of using a step-pulse loading of infinite duration, as

has been done in preparing the design procedure above. Further, the

wood design stresses would be better known, of course, as would the com-

posite behavior including the primary cause of each test PSSP's failure

mode. Some tests have been completed at the Ballistics Research Laboratory,

U. S. Army, Aberdeen Proving Grounds, Maryland 21005, and more are planned.
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NOTATION

A total x-section area of all stringers

A x-section area of parallel-grain plies outside the critical plane
for rolling shear

A total x-suction area of all stringers and skins A// (beam-columns)
A // x-section area (finished) of plies // stringers, l each skin

A, x-section area (finished, of plies / stringers, in each skin

b, bb, bt  basic stringer spacing; subscripts are for bottom and

top skin , respectively

C factor for maximum allowable deflection (usually based on LL only)

c distarce from neutral axis (for deflection or bending, as locally

definel' to extreme fibre (of skin under check)(see Y)

d moment arms for various x-sectional areas (subscripted A's), used

in I and I calculations
g n

d = c - y5

E modulus of eiasticity

E E of stringers

st

(EI ) panel parameter, calculated using neutral axis for deflection

(Eln ) panel parameter, calculated using neutral axis for bending moment

F allowable stress, general

F allowable splice-plate stress multiplied by proportion of panel

width actually spliced

F allowable stress, compression in planc )f plies // stringersc

F allowable stress, compression // grain in stringers

Fc1 allowable stress, bearing on plywood face

F allowable stress, rolling shealS

Ft  allowable stress, tension in plane of plies // stringers

F allowable stress, tension // grain in stringers
t

F allowable stress, horizontal shear, in stringersv

G modulus of rigidity in stringers

I moment of inertia, total x-sectional area (finished) of all stringers

I moment of inertia, in direction . stringers, of top skin A,

I gross I of total panel x-section about deflection N.A.

g
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NOTATION (concluded)

I gross I of total panel x-section about bending N.A.
n
I gross moment of inertia of x-section portion about own centroidal axis

0

I//, I moment of inertia for plies, corresponding to A// and A, areas

t, clear span of panel, in direction of stringers

Le plywood end bearing length required at each end of panel

f' panel width (skins only), perpendicular to

t_" clear distance between stringers

p design LL or TL (use load related to assumed C factor)

Pa allowable axial load (TL) in beam-column

allowable load (TL) - bending moment

Pd allowable load (TL) - panel deflection

Pdm same as p but specifically for dynamic loads/loadings

P smallest of calculated allowable transverse loads (TL)(in PSSPs for:
deflection, bending moment, rolling shear and horizontal shear)

pp allowable load (TL) - tension splice-plate

p allowable load (TL) - rolling shear

Pt allowable load (TL) - top skin deflection

Pv allowable load (TL) - horizontal shear

QS statical moment, about neutral axis for deflection, of parallel
plies outside critical plane for rolling shear (see A above)

QV statical moment, about neutral axis for deflection, of stringers and

A// plies x-sectional areas, taken either above or below that axis

(used in horizontal shear allowable load calculations)

t glueline width of each stringer (used in F st)

t sum of stringer widths, including side projecting portions

th thickness of header (solid across all panel stringers)

y moment arms used in neutral axes calculations

y' half-thickness of parallel plies outside critical plane for rolling

shear (see Q and A above)

distance from neutral axis to bottom extreme fibre (calculated in

both deflection and bending moment calculations for neutral axis)

11 ductility ratio (maximum to elastic deflection, of a selected point,

usual at mid-span or mid-height)
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Appendix A2

PLY1OOD STRESSED-SKIN PANELS (TWO-SIDED) AS BEAM-COLUMNS

Design

In the preceding Appendix Al, a design procedure, useful stresses,
and typical designs were developed for plywood stressed-skin pan-

els (PSSPs) and their estimated ultimate/collapse strength capacity for
lateral/transverse (blast) loads. Such panels are of considerable

interest to the overall purposes of the project work because abundant

supplies of wood for stringers and plywood for skins are available in
local lumberyards. Thus their potential is high for use in expedient

upgrading of existing basements for shelter against the combined effects
of a nuclear weapon detonation. These panels are treated in Appendix Al

in terms of their usefulness as closures, that is to resist transverse

blast loads. The purpose of this appendix is to develop procedures for

use of such panels as beam-columns, that is to resist axial (blast)

loads, without or combined with transverse/lateral (blast) loads.

The basic references of Append~x Al also contain information perti-
nent to beam-column design, or simple column design alone [1(sec.3),21.'

The formula provided for the latter is

Pa =  3.619 (El) / Qz (1)

or

Pa = FcA (2)

whichever value is less, where
z

Pa allowable axial load (lbs), if axial load only exists

(EI s ) stiffness factor for moment deflection [1(Sec.2.4.3)]
(lbs-in.2 for full panel)(from Step 4, Appendix Al)

A clear span of member (simply-supported/pin-ended)(in.)

Brackets are used herein to indicate sources in the References list at

the end of this appendix.

2 Variables are defined herein at point of first use and in Notation at

end of appendix.
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F, = allowable compressive stress (parallel to grain) for plywood

skins (psi) [2(p.17)], corrected for buckling [1(Sec.2.5.4)]

A = total x-sectional area of longitudinal grain material in

both plywood skins and stringers (in. 2 )

The interaction formula provided for beam-columns is

P/Pa + (M/S) / Fc i 1 (3)

where

P = allowable axial load (lbs), under combined loading

M = allowable bending moment (in.-lb), under combined loading

S =In/c

in which

S = section modulus of full panel (in. 3 )

In = bending moment of intertia of full panel (in.%)

c = distance from N.A. (bending) to extreme fiber in compression

(in.)

Calculations of In and c (or 9) are shown in Appendix Al, Figure 3, and

Steps 7 and 8.

Assuming that the authors of References [1 and 2] used theory

including a solid, rectangular cross-section column, then I bd 3 /12.

Using this for Ig and solving Equations 1 and 2 for Fc (also recalling

that rz = I/A) leads to

Fc = (0.3016 E) / (2/d)2  = (7ZE) / (2.727(.9/r) 2 )

where

l9 = gross moment of inertia of cross section (in. )

b = least dimension of solid rectangular cross section (in.)

d = greater dimension of solid rectangular cross section (in.)

r = radius of gyration (in.)

E = modulus of elasticity (psi)

The equation's left form is found in Reference [3(p.15 and 65)), under

simple solid-column design, indicating that the assumption above is cor-
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rect. The equation's right form is Euler's equation 14(Eq.3 and 14)] in

one of its many forms. Euler's equation is suitable for simply-sup-

ported/pin-ended long columns at ultimate (not allowable) load; it is
non-conservative [4] when applied to columns with 2/r less than about

150,
3 a value much too high for the uses contemplated herein; and the

above constant, 2.727, is a factor of safety.

The serious concern with using the foregoing for blast loads is

that various approximations have been introduced that can be collec-

tively tolerated because of the allowable/working stress approach for

normal uses. Where one is dealing with collapse strength of a column or

beam-column, the design approach must take dynamic buckling directly
into account and must consider deflection, usually at mid-height, caused

by ail loads, plus initial eccentricity if it is known or can be esti-

mated. Thus it was concluded that a beam-column design approach should
include iteration toward an estimated total deflection from all sources,

i.e., initial eccentricity if any, as well as deflec'ion from moments

due to transverse and axial loads.' The following design approach
includes such iteration; it comes from Reference [4(p.5-42, Eq.18)], and

is converted to PSSP Notation (Appendix Al and herein). Henceforth

Fc = P/A + (M + Py)(C/In) (4)

where

Mmax = maximum moment caused by transverse loads only (in.-lb)

y = deflection of column at M (in.)

The referenced source suggests iteration toward a final value for y,

using for a first trial value that from M alones in the right-side sec-
ond term of Equation 4. An approach to performing the suggested itera-

tion follows, using the simply-supported/pin-ended member assumption
stated earlier.

From Reference [61, for transverse loads5 (and modified to Notation

herein):

Mmid-ht = Pm A' Y' / 8 (5)

Pmid-ht = 5 P m V" P / (38 4 (EIn)) (6)

3 Meaning, for a rectangular column cross-section, Q/d less than about
43 (but it's about 24 per Ref.131,p.65).

An iterative numerical method for analyzing a beam-column is available
[5(App.A,p.6-160)].

s That is, with P 0.
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where

Ymid-ht : deflection of column at Mmax (transverse loads only)(in.)

Thus, for combined transverse and axial loads:

Ymid-ht 5 2 (Mmid-ht + Pay) / (48(Eln)) (7)

where

Pm smallest of calculated allowable transverse (only) loads
(in PSSPs, calculated loads for: deflection, bending moment,
rolling shear and horizontal shear) (psi) (from Appendix Al
design of PSSPs)

Ymid-ht = deflection of column at M (in.)

2" =width of PSSP skins (perpendicular to stringers) (in.)

(EIn) stiffness factor for bending moment [1(Sec.2.5.3)] (lb-in.z
for full panel) (from Step 8, Appendix Al)

y trial y at mid-height

For examining locations other than at mid-height of the (prismatic)
beam-column, similar equations to Equations 5 to 7 would then be [6]:

M, = p Q'x (Q - x) / 2 (8)

= pQ'x (3 _ 22x z  + x3 ) / (24(Eln)) (9)

YK = (Mx + PaY) (UZ + 2x - xz ) / (12(Eln)) (10)

where

x = location being examined (length along member) (in.)

The overall design approach just described should be applied with
due regard to variation in units: some of the parameters are for full
panel width, some would usually be applied to design of a one-inch wide
strip of panel. All units, therefore, should be checked for values
appropriate to one width or the other. All formulas herein are dimen-
sionally consistent; there are no dimensions hidden in constants.
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A. Desiqn Procedures

Steps in the design procedure follow.

1. Assume a trial section and clear span/height (in direction of

stringers); see Figure 1A, Appendix Al. Use only stress-graded string-
ers, with face grain of both plywood skins parallel to the stringers.

Plan connections to PSSP such that loads are only axial, on pinned ends,

with or without uniformly distributed transverse/lateral loads.

2. Same as Step 2, Appendix Al.

3. Calculate A as in Step 3 and Figure 2A, Appendix Al.

4-6. Same as Steps 7 through 9, respectively, of Appendix Al. The c
value needed later comes from Step 4 (either 9 in Figure 3A, Appendix

Al, or the actual PSSP thickness minus 9, probably the latter but cer-

tainly whichever value is for the compression side).

At this point, values for the following variables used in this

appendix are known: A (from Step 3), c (4), (EIn) (5), Fc (6), In (5),
(1), and 2" (1).

7. Set M = 0 and Equation 4 becomes:

Fc = Pa/A + Pa(cy/In) or Pa Fc / (1/A + cy/In) (11)

From Equation 2:

Fc = Pa / A (12)

Whether y 0 (with trial design Fe held constant), the PO of Equation
12 will be 1 the Pa of Equation 11, thus Equation 11 is used below.

This Pa is the maximum allowable axial load, applied when M = 0 (i.e.,

transverse/lateral load is zero).

8. Set M = 0, then iterate on trial y, using as a minimum value/
eccentricity (in.)

y = 0.01 2 / d'

where

d' depth of PSSP stringers (in.)

then solving Equation 11 for Pa and Equation 7 with trial y value on

right; repeat until y values on right and left sides of Equation 7 are

equal or acceptably close (say 1% to 5%).

9. For combined transverse and axial loads, the PSSP must first be

investigated, using Steps 1-14, Appendix Al, to find Pm,, the peak tran-
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sverse load capability with P. 0; if a dynamic loading Pdm value was

found, it must be corrected to an equivalent static load Pm:

If the PSSP is one of those pre-designed and shown in Appendix Al,

its Pdm value may be read from Figures 5-7 there, as the air blast peak

overpressure (psi). However, such Pdm is based on the Design Stresses-

Blast . . . section6  of the appendix, which includes use of i 
=  2 and a

step pulse, meaning that the static equivalent Pm is 4/3 the chart value

Pdm (still with design stresses greatly increased over those for normal,
not blast-resistant, use). A value for iL and blast design stresses in
beam-columns, in contrast to normal-Use design stresses, are discussed

in the next section.

Subscripts for mid-height will be dropped from here on, for conven-
ience; the PSSP should be prismatic and with negligible initial eccen-

tricity, 7  therefore all M1 and y values will be for mid-height (mid-

length) for a vertical (horizontal) beam-column.

10. Solve Equations 5 and 6 for IM and related y, when P = 0.

From Step 8, values of Pa and related y, when M = 0, are known.

Thus the two extreme values of transverse or axial load capacity, with

their related mid-height/mid-length deflections, are known at this

point. These unique values will be identified as Mrlma, (or its related

pm of Step 9) and Pa in the steps below.

11. Assume: a value for P between Pa and zero, and a first trial

value 7 for y proportional to those found in Steps 8 and 10 (for Pa and

for P = 0, respectively).

12. Solve Equation 4 for I:

M (1, / c) (Fc - P / A) - Py, but 5 (Mmx - Py) (13)

13. Solve Equation 7 using the trial y on the right side. Compare the

left-side y, found from solving Equation 7, with the trial y used. If
the two y values are not in acceptable agreement (say, 1% to 5%), use

the left-side value as the new trial value 7 of y and repeat Steps 12 and

13; otherwise, proceed with the next design step.

14. Find allowable P'm related to the final M of Step 12:

P'm = (1l1 step 12) / rrmax) Pm( tep 9) (14)

6 Includes, at the end of that section, a definition of step pulse and

the basic relationship Pdm =  Pm (1 - 1/(210)). It follows that
Pda = Pa (1 - 1/(211)), but ti will usually be different in the two

uses: (1) lateral loads only; or (2) axial loads only, or axial and

lateral loads.

7 But using not less than the minimum eccentricity value of Step 8.
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(This allowable P'm could also be found using Equation 5 with the final

M of Step 12, or Equation 6 with the final left-side y of Step 13.)

15. With allowable P (Step 11) and P'm (Step 14) known, one pair of

pertinent values for the assumed trial section PSSP has been found,

besides the two pairs of extreme values (Step 10). Other pairs of val-
ues are 'ound by repeating Steps 11-14. To complete the design, a new

trial section(s) may have to be assumed, repeating Steps 1-14.

B. Design Stresses (Blast versus Normal Loads) and Ductility

The user of this appendix is referred to a section with the same

title, appearing in Appendix Al; the information there is applicable to
this appendix except for the last paragraph, which deals with a value

for the ductility ratio ii.

For a value of the ductility ratio li for beam-columns, I. 1 is

recommended for use because of buckling considerations. Increases of

normal-use stresses are those already recommended for adoption., If a

step pulse (defined in the Appendix Al section) is appropriate, then the

footnote to design Step 9 applies, thus Pda = Pa/ 2 (Pd = P/2) and

Pdm = pm,/2 "P'dm = p'm/
2 ); Pdm or P'dm is the allowable load from peak

exterior blast incident overpressure on the PSSP, and Pm or P'm is the

pseudostatic uniform load capacity, respectively.

It is possible that a significant rise time should be applied to

the axial blast load but probably not. However, the transverse blast

load occurring inside a basement shelter is very likely to have , sig-

nificant rise time as well as a significant reduction in peak value from

the blast peak exterior incident overpressure, due to room filling. 9  If

a rough approximation must be suggested it would be that Pd,, = P

(P'dm = P'm) where only human-size doorways and typical basement windows
constitute the apertures; large openings would indicate use of Pdm = Pm
times 3/4, even approaching 1/2. This suggested approach attempts to

consider both lengthened rise time and reduced peak value of overpres-

sure in terms of that incident on the basement's exterior.

8 See Appendix Al section with same title as this one: multiply normal-

use Fb, F,, and Fc values by four, but not Fc. or E values.

9 See published guidance on design of combined nuclear weapons effects

shelter in planned (new) basements, References [5 and 71, especially

the latter's Appendix E appearing in Volume 3; the same Appendix E,

written by J. R. Rempel, a colleague, was published in an earlier
report, Reference [8). The Appendix E technique was used to produce a

short section and two design graphs [7 and 8 (p.8- 1 12 to 8-114)1 giv-
ing maximnum interior pressure and time to reach such pressure, both in
terms of V/A (room volume/total aperture area).
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Applications

The computer program used (for PSSP design of "beam/slab" type mem-
bers) in the earlier publication of Appendix Al, was updated to add
beam-column and column PSSP design. Table A2-1 shows a listing of the
program, as well as a sampla problem. The program listed does not auto-
matically increase normal-use design stresses8 (they must be entered
with multiples, if any, already included by the user), and it does not
include the dynamic factors for blast loads (section B above, second
paragraph).
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The PSSP designs in Table A2-2*show the results of using the com-
puter program (Table A2-1) for columns and beam-columns. These results
include use of the recommended increases in normal-use design stresses8

and use of the recommended dynamic factors for blast loads (section B
above, second paragraph).

An illustrative example is shown on the page following Table A2-2.

* Prepared by J. E. Beck of James E. Beck and Associates (subcontractor).
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NOTATION

A = total x-sectional area of longitudinal grain material in both
plywood skins and stringers (in. 2 )

b = least dimension of solid rectangular cross-section (in.)

c = distance from N.A. (bending) to extreme fiber in compression(in.)

d = greater dimension of solid rectangular cross-sectic (in.)

d" = depth of PSSP stringers (in.)

E = modulus of elasticity (psi)

(EIS) = stiffness factor for moment deflection [1(Sec.2.4.3)] (lbs-in. 2

for full panel)(from Step 4, Appendix Al)

(EIn) = stiffness factor for bending moment [l(Sec.2.5.3)I Ilb-in.2 for
full panel) (from Step 8, Appendix Al)

Fc = allowable compressive stress (parallel to grain) for plywood
skins (psi) [2(p.17)), corrected for buckling [1(Sec.2.5.4)J

IS  = gross moment of inertia of cross-section (in.%)

In = bending moment of intertia of full panel (in.%)

= clear span rf member (simply-supported/pin-ended)(in.)

.' = width of PSSP skins (perpendicular to stringers) (in.)

M = allowable bending moment (in.-lb), under combined loading

Mmax = maximum moment caused by transverse loads only (in.-lb)

P = allowable axial load (lbs), under combined loading

P, = allowable axial load (Ibs), if axial load only exists

Pd = dynamic (blast) load value related to P (Ibs)

Pda = dynamic (blast) load value related to P& (lbs)

Pm = smallest of calculated allowable transverse (only) loads (in
PSSPs, calculated loads for: deflection, bending moment, rolling
shear and horizontal shear) (psi) (from Appendix Al design of
PSSPs)

Pdm dynamic (blast) load value related to pm (psi)
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NOTATION (concluded)

P'm = an intermediate value between Pa and zero (psi)

P'do = dynamic (blast) load value corresponding to p'. (psi)

r = radius of gyration (in.)

S = section modulus of full panel (in. 3 )

x location being examined (length along member) (in.)

y = deflection of column at M (in.)

= deflection of column at 1max (transverse loads only (in.)

= ductility ratio xm / xG (see Appendix A)
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Appendix A3
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Background

Appendices Al and A2, in their early paragraphs, describe plywood

uses toward meeting the need for expedient aperture closures and added

overhead floor system supports, respectively, in the upgrading of exist-

ing basements for shelter use against the combined effects of a nuclear

weapons detonation. This Appendix A3 closes the area of plywood applica-

tions by describing a design approach for simple use of plywood for

closures, especially over those many shelter openings having a rather

short span in at least one of its two directions.

Approach

Use was made of two publications and telephone discussions1-3 in

developing a design procedure for use of plywood to close apertures in

existing basements. The tables of the simplified publication2 could not

be reproduced through use of the design manual procedures; requested

clarification brought the recommendation that the latter be used for the

purposes contemplated herein.
3

As before, in Appendices Al and A2, design formulasl(pp
2 2- 3,Sec 4 )

were converted to the Notation herein and made dimensionally consistent.

The revised formulas follow; plywood weight is ignored as dead load, and

single spans, uniform loads, and simple supports are assumed.

The user is cautioned to apply care in units used in entering all

values in the equations below; all equations are dimensionally consistent,

i.e., there are no units hidden in the constants.

A. For uniform loads based on allowable bending stress:

Pb - 8 FbS / t2 (Eq.A3-1)t

where*

Pb - allowable load - bending moment (psi)

Fb - allowable bending stress (psi)

* Variables are defined herein at point of first use and in Notation at

end of appendix.
t In Eq. A3-1, clear span can be used (per Reference 3 fonecon of 1/6/78).
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S - effective section modulus (in. 3/in.width)

= clear span (in.)

B. For uniform loads based on allowable rolling shear stress:

Ps = 2 Fs (Ib/Q) / t (Eq.A3-2)

where

Ps = allowable load - rolling shear stress (psi)

F = allowable rolling shear stress (psi)

(Ib/Q) = rolling shear constant (in. 2/in. width)

t= clear span (in.)

The useful allowable load p then becomes:

Pm = Pb or ps whichever is smaller (psi) (Eq.A3-3)

C. For bending deflection (elastic) under uniform load:

Yb = Pmt 4 / (76.8 I (1.1 E)) (Eq.A3-4)*

where

Yb = bending deflection (elastic) under uniform load (in.)

I effective moment of inertia (in. 4/in.width)

E = modulus of elasticity (psi)

D. For shear deflection (elastic) under uniform load:

Ys = PmCt 2 2 / (106 EI) (Eq.A3-5)

where

Ys = shear deflection (elastic)under uniform load (in.)

C = 120 or 60, for panels applied with face grain perpendicular
to or parallel to supports, respectively.

t = nominal panel thickness (in.)

E. For combined bending and shear deflection (elastic) under uniform

load: either (a) add yb and ys from Equations 4 and 5; or (b) use

Equation 4 only, but with the constant 1.1 dropped from the equation.

Modified very slightly as to t from Ref. 1, for simplification and
because of negligible effect on the uses made of deflection calculations
herein.

A3-2



F. For plywood face bearing under uniform load (at ends over simple

supports):

t e - / (2(Fcl/p - 1)) (Eq.A3-6)

where

- required plywood (face) end bearing length at each end of
panel (in.)

Fc=- allowable bearing stress on plywood face, for load perpen-

dicular to plane of outer ply actually in bearing (psi)

It is recommended that t, be at least 1.5 in.e

Design Procedure

The suggested design procedure consists of the following Steps:

1. Assume use of a particular plywood type, grade, nominal thickness t,

and face ply(ies) species group (pp. 9, 14 and 15 )t except that the

latter must not be #5. Also assume that panel is uniformly loaded and

simply supported, and assume value for span t (in.).

Neglect the plywood weight as a DL.

2. Determine values (p. 16)t for I, S (-KS), and (Ib/Q), taking care
4 3 2

to correct the units to in. , in. , and in. (all per in. width), re-

spectively. Take care to use proper values for plywood used with the

face grain running parallel to the span (cols. 5 -7 )t or perpendicular to

the span (col. 9-11), + as well as the appropriate table (1 or 2 )t and

section (Unsanded, Sanded, or Touch-Sanded Panels).t If permitted by

available supplies, plywood panels are used with the face grain running

parallel to the span, which takes advantage of the stronger direction of

the plywood.

t See Reference 1; it is necessary that the designer hold this reference.
On two opposite sides; but Step 7 extends the procedure to plywood
panels supported on four sides.
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3. Study the plywood data (p.14)* and select appropriate use condition

(Wet or Dry) and grade stress level (S-I, -2, or -3). Determine values

(p. 17)* for Fb, Fs, FcV , and E (all psi).

4. Solve Equations 1-3 for pb' Ps, and pP respectively.

5. Solve Equation 6 for t ee

6. If deflections are needed or desired, either:

(a) Solve Equations 4 and 5 for yb and ys' respectively ; then

y = Yb + ys; or

(b) Solve Equation 4 with the value 1.1 deleted on right side;
then y = yb"

7. For Plvwood panels supported on four sides, the procedure is as
follows: 2 ,3

(a) Complete Steps 1-4 and 6 for each span direction, finding pm
and y for each direction;

(b) Reduce the pm value associated with the larger y, by multi-
plying that pm by the ratio of the smaller y to the larger y.
The two y values will then be equal, and the total capacity
Pm of the panel supported on four sides will be the sum of
the pm just reduced and the unchanged pm associated with the
smaller y of Step 7a; use the latter two pm values to find te
in each direction (Step 5).

Design Stresses - Blast Protection Use versus Normal Use

An Appendix Al section with the same title applies fully herein,

excepting that -p - 3 is recommended for this appendix; thus, Pdm 

(5/6) pm' and Fb and F (but not Fc and E) are multiplied by four.

Typical Designs of Plywood Panels as Closures

Data in the preceding sections have been used to prepare the

typical designs of plywood panels as closures shown in Tables A3-lA, -1B,

-IC and -2. Computer programs used are listed in Table A3-3 of the

original publication but not extracted herein.

* See Reference 1; it is necessary that the designer hold this reference.
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Table A3-1A PLYWOOD PANELS AS CLOSURES (ONE-WAY)

Plywood panels considered herein are each stamped with American Plywood Associa-
tion (APA) Type (Interior or Exterior), Grade and, in most cases, with Face Ply
Species Group(s) (the latter exception is discussed further below), as follows:

Table A3-lB&C
Plywood Type and Grade Block Nos.

.
C-D INTERIOR (APA), usual: 3,11

If "interior with exterior glue" is specified: 2,10

UNDERLAYMENT INTERIOR (APA), usual: 8,16
If "interior with exterior glue" is specified: 7,15

C-D PLUGGED INTERIOR (APA), usual: 8,16
If "interior with exterior glue" is specified: 7,15

2.4.1 STURD-I-FLOOR INTERIOR (APA), with veneer inner plies only 17

APPEARANCE GRADES (Interior) (APA), usual: 6,14
If "interior with exterior glue" is specified: 5,13

C-C EXTERIOR (APA)* 1,9

UNDERLAYMENT EXTERIOR (APA) 7,15

C-C PLUGGED EXTERIOR (APA) 7,15

2.4.1 STURD-I-FLOOR EXTERIOR (APA), with veneer inner plies only 17

APPEARANCE GRADES (Exterior) (APA)j, with Surface A or C,
face & back: 4,12
With Surface B face or back: 5,13

* Face Ply Species Groups are as follows: When stamped 24/0 on 1/2 in. (13 mm)
thick plywood, Group 4; 32/16, Group 1; on 3/4 in. (19 mm): 42/20, Group 3;
48/24, Group 1.

t Generally applied where a high quality surface is required; includes N-N, N-A,
N-B, N-D, A-A, A-B, A-D, B-B and B-D INTERIOR (APA) Grades.
Generally applied where a high quality surface is required; includes A-A, A-B,
A-C, B-B, B-C, HDO and MDO EXTERIOR (APA) Grades.
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Table A3-1B PLYWOOD PANELS AS CLOSURES (ONE-WAY)*

PLYWOOD (SIDE-ON) PEAK AIR BLAST OVERPRESSURE VS. CL. SPAN

Nom. Grade Face Clear Span, in.
Block Th. Surface Str. Ply
No. in. Finish Level Grp 4 6 8 10 12 14 16 18 20 22 24 26 28

1. 1/2 UNSANDED S-I 1 31 21 15 II 8 6 psi
2,3 3[ 21 12 8 5
4 31 20 11 7 5

2. 1/2 UNSANDED S-2 I 31 21 14 9 6 5
2,3 31 18 10 7 5
4 31 17 10 6

3. 1/2 UNSANDED S-3 I 28 19 14 9 6 5
2,3 28 18 10 7 5
4 28 17 10 6

4. 1/2 SANDED S-1 1 36 24 18 12 8 6 5
2,3 36 23 13 8 6

4 36 22 12 8 5
5. 1/2 SANDED S-2 1 36 24 15 10 7 5

2,3 36 20 11 7 5
4 36 18 10 7 5

6. 1/2 SANDED S-3 1 32 21 15 10 7 5
2,3 32 20 11 7 5
4 32 18 10 7 5

7. 112 TOUCH-S. S-2 1 31 21 16 10 7 5
2,3 31 20 11 7 5
4 31 19 10 7 5

8. 1/2 TOUCH-S. S-3 1 28 19 14 10 7 5
2,3 28 19 It 7 5
4 28 19 10 7 5

9. 3/4 UNSANDED S-I 1 50 33 25 20 15 11 9 7 6 5
2,3 50 33 24 16 11 8 6 5
4 50 33 23 15 10 8 6 5

10. 3/4 UNSANDED S-2 1 50 33 25 18 13 9 7 6 5
2,3 50 33 21 13 9 7 5
4 50 33 19 12 9 6 5 _-

11. 3/4 UNSANDED S-3 1 45 30 23 18 13 9 7 6 5
2,3 45 30 21 13 9 7 5
4 45 30 19 12 9 6 5 _

12. 3/4 SANDED S-1 i 58 39 29 20 14 10 8 6 5
2,3 58 39 22 14 10 7 5

4 58 37 21 13 9 7 5 1
13. 3/4 SANDED S-2 I 58 39 26 17 12 8 6 5

2,3 58 33 19 12 8 6 5

4 58 31 17 11 8 6

14. 3/4 SANDED S-3 I 53 35 26 17 12 8 6 5
2,3 53 33 19 12 8 6 5
4 53 31 17 11 8 6

15. 3/4 TOUCH-S. S-2 1 51 34 25 17 12 9 7 5
2,3 51 34 20 13 9 6 5
4 51 33 18 12 8 6

16. 3/4 TOUCH-S. S-3 I 46 31 23 17 12 9 7 52,3 46 31 20 13 9 6 5

34 46 31 18 12 8 6 5

17. 1-1/8 TOUCH-S. S-2 1-3 52 39 31 25 19 14 11 9 8 6 5 5

* Face ply grain running in span direction (i.e., perpendicular to the two supports).

Required bearing length at each end (beyond clear span) is 1 in. (38 mm) in all cases.
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Table A3-2 PLYWOOD PANELS AS CLOSURES (TWO-WAY)

The purpose of this Table is to provide conversion percentages (increases)

so that the user can use the data of Table A3-1B to obtain over-

pressure versus clear span data for two-way plywood panels (that is,

supported on all four sides of the opening/aperture to be closed).

This Table is based on using plywood panels with their face ply grain

running in the direction of the shorter of the aperture's two clear spans.

Its results are expressed in terms of the ratio of the longer to the

shorter of the two clear spans; such results are expressed as percentage

increases in overpressure resistance values applied to the values in

Table A3-1B, with such increases related to the BLOCK NUMBERS of the

table.

Recommended support bearing length on all four sides is l in.

TABLES A3-lB&C RATIO OF LONGER TO SHORTER CLEAR SPANS

BLOCK NUMBERS 1:1 1.25:1 1.5:1 2:1

1 - 3 6% 216% 

4 - 6 23 10 5 1%

7, 8 7 3 1 *

9 - 11 15 6 3 1

12 - 14 47 19 9 3

15, 16 19 8 4 1

17 43 18 9 3

* Less than 1/27
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NOTATION

C 120 or 60, for panels applied with face grain perpendicular to or

parallel to supports, respectively

E modulus of elasticity (psi)

Fb  allowable bending stress (psi)

Fc, allowable bu~rin 6 stress on plywood face, for load perpendicular
to plane of outer ply actually in bearing (psi)

F allowable rolling shear stress (psi)

I effective moment of inertia (in.4 /in. width)

(Ib/Q) rolling shear constant (in. 2/in.width)

L span center-to-center of supports (in.)

t clear span (in.)

t required plywood (face) end bearing length at each end of
e panel (in.)

Pb allowable load - bending moment (psi)

Pdm dynamic (blast) uniform load capacity (psi)

PM smaller of pb or ps = static uniform load capacity (psi)

PS allowable load - rolling shear stress (psi)

S effe-ctive section modulus (in. /in. width)

t nominal panel thickness (in.)

y deflection (elastic) under uniform load (in.)

Yb bending deflection (elastic) under uniform load (in.)

YS shear deflection (elastic) under uniform load (in.)
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Appendix B1

WOOD BEAM AND COLUMN DESIGN - SIMPLY SUPPORTED

This appendix deals with solid wood used in beams and columns.
3

Wood Beams - Simply Supported

The wood contemplated for use under the design procedures described
herein is structural or stress-graded lumber, which has been carefully

graded in accordance with the standard grading rules for the appropriate

trade association. A complete list of such associations is available;

see Reference [1]4 Supplement, page 19. It is urged that all lumber

contemplated for shelter use - specifically, lumber in structural compo-
nents or members whose stress-resisting capability is important to the

survival of shelterees (in contrast to such things as a door cross-brace

that simply holds together the structurally significant members) - be
reinspected and regraded by even poorly qualified personnel using the

appropriate association's grading rules.

Other items for the designer's general consideration are:

* The lack of homogeneity in wood members dictates that every

effort be made to design wood structural members so that they
interact in such a manner as to transfer load from a weaker,

below-standard member to the better members. Examples are:
really good blocking between floor joists; and use of

tongue-and-groove planking as members used flat in a blast door.

This is "repetitive-member use," see Reference [1 Supplement,

Table 4A, 4th column.

9 Only very tight knots should be accepted in a situation such as
that of an unclad wood shelter blast door where an air blast

loading could make a missile or bullet out of a knot that is

even slightly loose.

3 Beam design chart solutions herein are for only single-span simply-

supported (SS) beams; correction factors cover multi-span beams (sec-
tion C, page 81-14). The design procedure also covers propped canti-
lever (PC) and fixed-fixed (FF) support conditions.

I Brackets are used herein to indicate sources in the References list at

the end of this appendix.
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Metal cladding may be indicated for some situations where wood
is used, such as exposure to fires (or where required by local
building code), but not necessarily when concern is only about
exposure to a nuclear thermal pulse (which may well char the
door without setting it on fire; the latter is a difficult thing
to do to a flat wood wall).

Because this appendix is intended for use by engineers and archi-
tects, some technical competence in the usual design of wood structural
members is assumed 12,3), and only those design considerations peculiar
to nuclear blast etfects loading will be treated n some detail in this
appendix.

Reading/study of Appendix B2 may serve to increase the
reader/user's understanding of wood design and use in upgrading.

A. Design Procedure

Because wood beams are available in specific dimensions, the gen-
eral design approach is to select a trial member depth (measured in the
direction of the applied load) and width, then find the air blast peak
overpressure it can resist; this overpressure is compared to the speci-
fied overpressure to be resisted. The resistance of the selected member
is based on elasto-plastic behavior and associated stress resistances in

flexure (bending), horizontal shear, and bearing on a support, which
resistances are checked in that order. Specifically, the flexure and
horizontal shear resistances are found, and then a new trial member is
selected, repeating these steps until the lesser of the two resistances
is found to be sufficient to meet the expected blast load. The required
bearing area is then found directly.

It is recommended that the beam design procedures and graphs that

follow be used only for L / d values equal to or greater than five (5),
because of doubt that they apply to "deep beams" (L / d less than 5).

The design steps are as follows:

(1) A design air blast peak overpressure is specified, also
whether its loading geometry will provide: a side-on overpressure (as
in a wood door mounted flush with the earth's surface); a fully

reflected overpressure (as in the front wall of a rectangular bu'lding);
or a peak value of the average loading caused by a combination of
side-on and drag pressure (as in the side-wall or roof of a rectangular
building) [4,Sec.4.381. Related variables, in the same order of loading

geometries, look like this:

Pdm = Pso or Pr or [(Pso + Cdq) L/2U] (1)

where q is the dynamic (wind) blast pressure (unlike the q for struc-
tural resistance used in the remainder of this section) [4,Table 4.401.
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$(2) A trial size of wcod beam (actual depth d, measured in
direction of load, and thickness or width b) and kind of structural or

stress-graded lumber are selected, then the grading association's design
stresses are determined from their publications [1, Supplement, Table
4A1. Need for the latter may be limited to Fb (extreme fiber stress in

bending), Fv (horizontal shear stress), and Fc, (compression stress per-
endicular to grain, or bearing stress as used for beams only herein).
For the short duration loadings furnished by nuclear air blast, dynamic
values of the above th-ee design stresses are recommended [5) as fol-
lows:

Fdb = 4Fb ; Fd, = 4F, ; and Fdc± = Fc£

Some grading rules allow increases in design stress values for such

things as: repetitive-member uses [1,Supplement,Table 4A,fourth
column); and, members used flatwise (1,Supplement,page 20,paragraph 61.

(3) A design ductility ratio g is selected (see discussion in ear-
lier Appendix A, General Comments on Blast-Resistant Design/Analysis
General Approach). A value of 3 is recommended (51, certainly as an
upper limit, and with 1.3 or 2 even better 16].

(4) A short design procedure [51 omits use of any loading decay
(i.e., uses instead an instantaneously applied long duration load, or
step pulse), load-mass factnrs, modulus of elasticity, elasto-plastic
resistance function per se, etc., all in favor of the following
approach: A step pulse is assumed, which is reasonable particularly
when large yield weapons and short wood beams (therefore having very
short periods of natural vibration) are considered.' The other th-ngs
ignored have been found to have little effect on the structural member

selected ior most applications; and needed parameters then have the fol-
lowing relationship:

pdm/q - 1 - (I / (2p))

where q is the ultimate resistance to blast loading of the wood beam.

Using the recommended value of g = 3, the equation becomes: Pdmi
(5/6) q.

(5) Span L (center-center of supports) and support conditions are
known or assumed. Formulas are included herein for three beam support
conditions: simply supported (SS); propped cantilever (PC); and both
ends fixed (FF).

S But if a Table B1-1 value for F. is higher (than that given in
Ref. [11), use it.

' Alternatives to this use of a step pulse are chart solutions and the
Newmark 0 Method [71 or (better) the Modified Newmark 0 Method (by
J. E. Beck) [8,p.6-162].

B1-3



Table B1-1

ALLOWABLE HORIZONTAL SHEAR VALUES Fv (psi)

Maximum Moisture Content

Unseasoned 19 percent 15 percent
Aspen 85 90 95
Balsam Fir 85 95 95
Black Cottonwood 70 75 80
California Redwood 115 120 130
Coast Sitka Spruce 90 95 100
Coast Species 90 95 100
Douglas Fir-Larch 130 140 145
Douglas Fir-South 130 140 145
Eastern Hemlock-Tamarack 120 130 135
Eastern Spruce 95 105 110
Eastern White Pine 90 95 100
Eastern Woods 85 95 95
Engelmann Spruce/Alpine Fir 95 105 110
Hem-Fir 105 110 115
Idaho White Pine 95 100 105
Lodgepole Pine 95 105 110
Mountain Hemlock 130 140 150
Northern Aspen 90 95 100
Northern Pine 100 105 110
Northern Species 90 95 100
Northern White Cedar 85 95 100
Ponderosa Pine-Sugar Pine 100 105 110
Red Pine 100 110 115
Sitka Spruce 105 115 120
Southern Pine 125 135 145
Spruce-Pine-Fir 95 105 110
Western Cedar 100 105 110
Western Hemlock 125 135 145
Western White Pine 90 100 105
White Woods (Western

Woods. West Coast
Woods, Mixed Species) 95 100 105

Source: National Design Specification for Wood Construction, 1977 Edition,
National Forest Products Association, 1619 Massachusetts Avenue, N.W.,
Washington, D. C. 20036; art. 3.4.4.2

Author Comments: Use column of above table that specifies "19 percent"
moisture content. For wood species not shown, consult "Design Values
for Wood Construction," 1980 Supplement to above Source.
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(6) Flexural or bending resistance qb, (in terms of Ioad/unit area)I, r.alcu tted for the trial member

M - wLc qj, bL~c = Ftb S Fdb bd 2 / 6

qb 7 Fdb ( d / L) 2  / (6c) 2Fb(d/L) z  / (3c) (2)

where c = 1/8 (SS) and (PC), 1/12 (FM).

(7) Horizontal shear resistance q, (in terms of load/unit area) is

also rclculated for the trial rm e11her, with horizon tal shear e .aI to
vertical shear and taken at a distance d in fro m ea,-i end of t')e ml'r br
[ 2 (p..4- 12) ,5(p. 161)1

V w (L-2d) c' q, b(L-2d) c'-- 2AFdv / 3 = 21dFdv / 3

q 2 Fdv d / (3r'L-2d)) : 8Fv d / (3c'(L-2d") (3)

where c' = 1/2 (SS) and (FF), 5/8 (PC), the latter .alue being approxi-
mate but close enoogh for the purposes herein. NOYF _: FQ__. 2_ At_3

I ICIWUriF IHE r*, LTIPLF 4 OF STEP 2,

(8) Wood beam resistance q is then equal to the lessor value

be tuecn qb and qv; q is converted to peak air blast pressure hy ut;,I is

Pd, q (I - (I / (211.))) (4)

or, when the recommended value of Ii = 3 is used, Pdm (5/6) cl.

(9) If Palm is less than the design air blast peak overpressnire
specified in the first step herein, a larger beam, or a diffcrer t 't
or grade hav i g larger design stresses, must be tried. If 1(, 1i 1,-,t ior

than tle design overpressure, then it may be desirable to try a r-n I ,r
b-am , or a different wood or grade, in an effort tow'ard clu,.er dri ,

In vither ca'we, a new trial member requires that tile des;(:ner return to
the second step and repeat the procedure to this point.

(10) Rrquired boar ing length L' at Pach end of the wood bey is
calculated a:; follows:

V = qbLc' = Fc2 . hL'

L' = jLc' F (5)

where the values of c' are the saome as in step 7 above. It in recoi-
meidod that L' be at least 2 inches.

Another presentation of wood beam formulas is given in Appendix B2

(pajo B2-20).
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Limitations on the above design procedure are stated in the two

applications that follow.

B. 011 ni jtion to a Cloure (Shelter Door) D1esin

An application of wood beam design occurs when low-cost blast doors
must he designed for shelters, in new designs or existing structures.
For al alil catlon in existing structures, particularly, a pre-desiqn or
chart approach was needed as follows:

" An estimate, calculated or judgmental, is made of the blast

resistance of the wall adjacent to anl aperture (door or window

open Ing) for which a wood blast door is needed. The only
_t, i l .1 structural element will be a wood beam, or series of
wovcl beams side-by-side and preferably tonque-and-groove,7 siM-
ply supported on the two !ides of the door frame (th, t has been
either strengthened or found adequate to take the load fron the
dokor onto the wall).

* Stress-graded wood of various kinds (species and grades) in
stcndard thicknesses8  (2, 3, 4 inches, nominal ; 1.5, 2.5, 3.5
Inches, actual) are checked for availability. See Table 1-2

for several popular woods arid their allowable stresses.

a. The pre-desrgn or chart approach developed for simplified han-

dlI.j of this problem is as follows, usIng sol id. multIpIe wood hert75_,

(I) Cbtain a cnpy of the industry association grading rules for
each kind of wood contemplated for possible use; from this, ri~z:e a tahu-
lation (for each kind of wood and each thickness) of design stresses
(is ) statcd for use under normal loadii a for:

If I'Pt tlj ( tnr,gue-and-groove), use a light plywood sheet covering on
tlie blact s' id ; if either ttg or plywood-covered, "repetiti\e-me"'her
( i: in F 1d 1esgn valuLs IS appropriate I ,Soppl met,Table 4i,1t1
ci emI :, I•

lh krec and width are the terms appi ed to the smai Ier ard larger
Cr r ,- ,.'r, t nn c dIriersIons, respectively, in the industry [1l ,Suplci.ent,

r,1': 2 , r am r; ratph 6 1 . Etiq ieer s use thickness and width tle sa',e .,Iav
In a)lu,'n15, hut 11b a-)s they use wIdth and depth as the cross-section
d::"rnaicn s perrendicular and parallel to the direction of loading,
recpKcti ely (for exa-'ple, the widtb of a beam 1.5"x3.5" in crfss-sec-

tIt ,1, I e 1.5" If used edgewise, 3.5" if used ilatwise (4, the

lo d d i rcr t o n)-

B I- 6



Table BI-2

SELECTED DIMENSION WMAER SPECIES, SIZES AND GRADES

(CONSTRUCTION GRADES)

Species

Douglas Western Western Southern Northern

Size and Grade Fir- Hemlock Pines Pine Pine

larch (Ponderosa,
Lodgepoile,
Sugar, and

_Idaho Whi te)

Allowable Unit Stresses in Normal Use, psi
t

Structural Light Framing

(2" to 4" th., 2" to 4"' wid,)

Stud (2x4s only) Fb 925 800 600 900 725

F 95 ;j: 90.., 70 90:.. 70

F, 385 280 190 405 280

E (x 106) 1.5 1.3 1.2 1.4 1.1
F."00 i50 'i)

Lilht Framing

(2" to 4" th., 4" wide)

Construction Fb 1200 1050 775 1150 950

Fv 95.; 90.. 70 100.. 70

Fc, 385 280 190 405 280

E 1.5 1.3 1.2 1.4 11

F 1150 1050 . 100 8 5

Standard Fb 675 600 425 675 525

F, 95; 90, 70 90.., 70

FcJ 385 280 190 405 280

E 1.5 1.3 1 2 1.4 1.1
W (25 850 650 900 72

Joists and Planks

(2' to 4 th., 5' and

wider)
No. I Fb 1750 1550 1100 1700 1400

F 95 ; 90:.. 70 90 .. 70
v

Fc_ 385 280 190 405 280

E 1.8 1.6 1 4 1 7 1 4
F 120 1150 1250 47)

No. 2 ,Fb 1450 1250 925 1400 1100

Fv 95 90... 70 90. 70

Fci 385 280 190 405 280

E 1.7 1.4 1 3 1.6 1.3

F 10O Q7 725 1O W) 2
No. 3 Fb 850 750 550 800 650

Fv  95; 90:.. 70 90.' 70

Fci 385 280 190 405 280

E 15 13 1.2 1 4 1 1
F 675 62, U t.

* able is for visuiilv stress grade d lumber only, kisl it !IS 7,"x.muI T

moisture ontent.
t Ntat i,. is d is: -h !,,r extrvm, tibt r in hindinI ' (rtulft iti.ivi, rm r Use

F fI r umpr.sslion psir.illv, t,, rsini, v 1', h t hiriI nt/ il var; 1t, til

-,mprqsi'n peirptetdi ular t, l;rain; .inl F for modutlns o- il It i, it . r
dvnami., ises in this reprt. h. Ph , nd V, tr,ss' ir I I , .i f

F v; Iu's in it il s i re for benldin mj n'11 rs ,nlv; mt , -mri.n,i,! r
f55';P strii lers. S,-' IRfI. bhIw, ma in tep.,rt tut -up;It'-: , u . . .. I

SlU[tR( I: ion Valies t,ur Wod (',,nst ru t i i. 1n a
8

0 ;p ,-limint t,, t f), 14'

Kdit on ,,t N iin'al s Jtin _p, ,. i iat tol I ,r ' . . I list ,ii in Nit I ,
Pr.i( t As - I it i *n, 16l Mas,, hostt ts Avt-nii, N.'. .isl, t,,n ,  '.
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* Bending design stress (in extreme fiber), in repetitive-
member use, Fb

0 Horizontal shear design stress, F,

* Compression perpendicular to grain design stress, Fc±

(2) Conversion of design stresses to dynamic values (step 2 above)
is unnecessary hereunder; the chart Pdm includes this conversion and the
chart is therefore entered directly with the design stresses for normal
loading. Similarly included is the factor (5/6) for Pdm = (5/6) q (per

design steps 4 and 8 above). Increases for "flatwise" use are not
included in the chart Pdm (see design step 2 above).

(3) For each wood and thickness, determine the blast resistance in
terms of free-field overpressure:

Enter the table on the page facing Figure B1-1 and read values
A and B, for each pair of values of span L (in.) and (actual, not nomi-
nal) beam depth d (in.).

Enter the left portion of Figure B1-1 with the A and B values
as follows: Use A (at top of figure) with the "curves" for horizontal
shear F, values and read qn (or Pdm) on left (ordinate) scale; use B (at
bottom of figure) with the "curves" for bending stress Fb values and
read q, (or Pdm) on left scale; use only the smaller value of q. (or
Pd.) read!

(4) For each wood and thickness still of interest, determine the
required bearing length at each end of the wood beam:

Use the Fc± value found above and the Pdm value just found,
and calculate the required bearing length L' (in.) at each end of the
beam, from the following modification of Eq. 5:

L' = 0.6 Pdm L / Fc± (6)

but not less than 2 in. Strictly speaking, if the beam-ends in bearing
are exposed to the air blast, Eq. 6 should be:

L" 0.6 Pdm L / (Fc±" Pdm).

B1-9
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VALUES OF A AND B FOR FIGURE BIl-

Span d=1.5 in. =2.5 in. =3.5 in. =4.5 in. -5,5 in. =7.25 in. 9 -. 25 in. -11.25 in.L (in.) A B A B A B A B A B A A B A (A "

12 167 104 0. 0 0 0 C c G
14 136 7 278 213 1 0 0 17 7 01 C C
I 115 59 227 163 0 U U C 7 O 0 C
18 100 46 192 129 31b 252 (f ( 0 £ (.
20 88 I8 167 104 269 2(04 C ( 0 ' (
22 79 31 147 86 233 169 7, 0 0 (, 0
24 71 26 132 72 206 142 30 23 ' '
24 f 5 22 119 42 184 121 2r5 20C (7 0 0 0. C
28 (j 19 109 53 107 104 237 1'2 324 257 7 7.
30l 56 17 100 46 152 91 214 1 7, () 28 24 224
32 52 15 93 41 140 80 190 132 2r2 2 197 0 .
34 4b 13 86 36 13( '11 1'77) 117 279 174 0 0 0 f
36 45 12 81 32 121 63 167 (14 220 ( 56 C 0 .
38 43 i 7F 29 113 57 155 93 204 140 305 243 0 C
4, 41 9 71 26 106 51 145 84 i9s 1i 284 219 K
42 38 b 68 24 100 40( 136 77 177 114 264 199 7:
44 37 8 44 22 91 42 12v 70 147 104 240 C 23 C 0 C c
46 35 7 01 iO 90 39 122 64 157 95 230 1 ,6
4b 33 7 58 18 85 35 115 59 149 88 216 152 314 ,4 K
50 32 6 5 17 F1 33 110 54 141 P1 204 14C 794 27 r
52 31 G 53 15 78 37( I1, 60 134 75 193 130 276 211
54 29 5 51 14 74 28 101 4r 126 69 184 12( 2;r1 1906
54 26 5 49 13 71 2r- 9 43 122 44 175 112 247 1F2 r C
58 27 4 47 12 69 24 5? 2 0 1 17 r,0o 1 7 114 234 1770 31 251
fL) 26 4 45 12 r6 23 t,(1 38 11 2 , 15 9 7 223 158 3 ( 23462 25 -4 44 11 64 21 F5 35 1OS 52 153 91 21 346 2146 21964 25 4 42 1G 61 2c b2 33 10(4 49 146 b,, 2G3 lI3 271 fI
66 24 3 41 1c 59 1 79 31 100m 46r 141 H.( 105 131 /5q 194"69 23 3 40 7- 57 11 76 29 O

7
r 44 134 7 -bY 123 247 16:2

70 22 3 38 9 56 17 74 28 93 41 131 72 181 (IC 2 2 17?
72 22 3 37 8 54 16 71 26 971 39 126 66 173 117 2?' 163
74 21 3 34 13 52 1 5 7, -2 - R7 37- 122 W 1( 7 104 218 1 5
70 21 3 35 7 51 14 67 23 85 35 L11b 61 1A1 99 21( 14-
7b 20 2 34 7 49 13 65 22 132 33 114 5F 155 94 2(3 13?90 19 2 3'7 7 48 13 c3 71 -Pr 32 111 5 10 89 19 132
b2 1. 2 32 0 47 12 62 2(: 77 37( 107 52 14r 5 I19 125
i4 19 2 32 45 12 6U 19 75 2q I14 5u 141 8I 133 127'
84 18 2 31 4 44 11 5 IP 73 27 101 47 137 77 177 111,
k, 18 2 30 5 43 11 57 17 71 2

,  
99 45 133 74 172 109

90 17 2 29 5 42 1(U 56 17 70 25 96 43 129 7 c 107 IC4
92 17 2 2A- 5 41 10 54 1. (P 24 94 71 12 ( r ,7 1(2 1(j4 16 2 2b 5 40 9 53 15 6 23 91 4(0 123 65 15 05
0 I

r
' 2 27 5 39 9 52 15 A6 22 89 3b 119 62 153 92

I0 1r 2 27 7 38 9 51 14 073 21 b7 1 116 19 49 8
107 15 2 26 4 38 b 4) 13 62 20, 85 35 113 57 1eS 134
102 15 26 4 37 E 48 13 r7' 19 83 34 111 55 142 131IC4 15 -1 25 4 36 P 47 12 59 19 PI -32 108 S3 138 7P
106 15 1 25 4 35 7 46 ( 12 56 18 70 31 106 51 i35 75
10C8 14 1 24 4 3. 7 45 12 57 17 78 3C 103 49 132 721 14 1 24 3 34 7 45 11 ST, 17 76 29 101 - 47 129 701 12 14 1 23 3 -. 7 44 11 54 16 74 28 99 45 126 67
114 14 1 23 3 33 r, 43 10 63 16 73 27 97 44 123 65
110 13 1 23 - -3 32 6 42 30 5 1 71 -76- 95- 42 120 T,3
118 13 1 22 32 A 41 (0 51 14 7U 25 93 41 118 C, 1
126 13 1 22 3 31 F, 41 9 50 14 69 24 91 40 115 59
172 13 I 21 3 30 5 4V 9 5(7 14 F7 "24 Y9 P31 113 57124 12 1 21 3 3, 5 313 9 49 13 66 23 88 37 111 55
126 12 I 21 3 29 5 3 e 9 48 13 65 22 86 36 1779 53
31P 12 " 20 3 29 5 38 1347 P 84 - - 84 -35 1-7 51
130 12 1 2( 2 28 5 37 8 40 12 63 21 83 34 1(15 50
132 12 1 21. 2 28 5 37 8 45 12 62 20 81 33 103 481 34 II I 1 9 2 ?B 5 36 ( R 45 "11 A1 0 o 32 10l -- 47
136 11 1 1. 2 27 4 35 7 44 11 60 19 79 31 99 46
138 11 1 19 2 27 4 3', 7 43 11 59 18 77 30 97 44
140 11 1 19 2 26 4 34 7 41 10 -58 I8 76"--- -2 -9 9( - 43
142 11 1 18 2 26 4 34 7 42 10 57 17 75 28 j4 42
144 11 1 113 2 26_ 4 33 7 41 1(1 56 17 74 28 93 41

In above, A = d / (L-2d) x 1000, and B = (d/L) x (2/3) x I0000
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(5) As an illustrative examp le: Using Douglas Fir-Larch 2x4s (on

edge, solidly side-by-side), Structural Light Framing, Stud grade, read
from Tabi 51-1: Fb (repetitive-member use) is 925 psi, Fv is 140 psi,

and Fct is 385 psi. Span L is 40 in. center-center of supports. Enter
table facing Figure BI-1 and read: A is 106, an d B is 51. Enter Figure
B1-1 with A and B and read: for A of 106 and Fv of 140, q, is 19.8 psi;
for B of 51 and Fb of 925, qn is about 9.4 psi. Thus, the q,, of 9.4+psi
is the smaller, and Pd of 31.5 psi is the peak air blast (free field)
overpressure design resistance of this solid door of 2x4s on edge
(assuming that the door frame has been checked and found adequate). 9

Required bearing length on each end of each 2x,1 is calculated

using Eq. 6 and F,± of 385 minus Pdm (assuming the blast hits the sup-
porting ends of the 2x4s, as it usually would), or an Fez of, say, 350
psi: L' = 0.6 x 31.5 x 40 / 350 = 2-1/4 in. bearing length on each end.

(6) The above example assumes that the closure is covered with
plywood (e.g., 1/4 in.). If not: use Fb for single-member use I 1,Table
4A,third columnl; use a stress multiple of 2.6 (not 4),1O; use a ji o 1.5
(with same step pulse); and, therefore, read qn, (not Pdm) when using
Figure B1-1, and calculate Pd,, =  2.6 (2/3) q =  1.73 qn. Thus, the sin-
gle-merrber use applied to the above illustrative example changes the
resulting pa, from 31.5 psi to pc, =  1.73 qn = 1.73 x 9.4 = 16.3 psi.

b. The chart approach is as follows When usinq beans SrrsIctd n in
floor s-rincers (chart is only for beam widths b of 1.5 and 3.5 in.,
each spaced at 12, 16 and 24 in. center-center):

Using the same wood beams, span L (40 in.), F, of 140 psi,
A of 106, B of 51, nnd Fc, of 385 psi as in the illustrative example
above, find Fl, (single-member use) of 800 psi [1,Supplenent,Table 4A];
entor Figure 31-1 as before and read q, values (q of 19.8 from A of 10G
and F, of 1410; q, of 8.2 from B of 51 and FI, of 800) of which 8.2 psi is
the lower. The q,, value is stated omly for illustration; th:' reader/
uscr should move to the right from finding the intersection of B and Fh
values - findirIg that the total load TL in pounds per sntnmrE fot of
coverinri (in normal use) over the spaced wood beams is: 150 psf TL fur
beam width b of 1.5 in. and spacing j of 12 in.; 113 psf for
16 inn. spacing; and 75 psf for 24 it). spacing.

The increase factor from qn to Pdm is 3.333. It represents a 100'
increase for short duration (impact) loading [1,sec.2.2.5.31, another
1 i ncrease to use up the asurumed factor of safety for rcpetit I i ve -
cember use (reader/user may want to reduce this to 30,1 by hand calcu-
lation, if no regrading has been done), and a reduction by (5/6) for
using Ii = 3 (rea-er/user may also want to reduce this by hand ralcula-
tion); thus, the overall factor is 2 x 2 (5/6) = 3.333 . . ,. or
Pd, = 3. 333 q,,.

1o Representing increases of 100% for short duration (impact) loading

and 3U% for factor of safety in single-member use.

BI-13
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These normal-use design TL values can be corrected for air

blast loading by use of a multiple of 1.73 (as in paragraplh (G) just
above), giving 260, 195, and 130 psf for spacings of 12, 16, and 2-4 in.
respectively, Is calculated, or such results may be read directly fro-'

the nuter (top and bottom) scales of the right graph, Figure III-I.

C. Sunport Conditions Other Than Sin le-Sian Simply SuPP-_rt_'rl (SS)

The foregoing deals with single-span beams, on simple (non-momrnt
carryinJ) supports (SS). For two-equal-span beams on simple supports
(PC). formulas for one span (of the two) are on pages B2-20 and -21,
Appendi: B2, using cMnstants for PC. (The formulas for FF conditions
are of little interest to the upgrading sizing herein.)

If the contemplated wood beam use involves one beamt extendingq over
inore than a single span: find q,, and qnb for a single-span beal as
before (i.e., from A-Fv and B-Fl), respectively); find related Pf .v and

Pl1,,,3; and find related TLv and TLb. Correct these values for lItiple-
span beams (with all simple supports) as fol lows [9,p. 5-41J:

ap,1n , in~ 4-s7, an -s tj

q,1 , pdm, and TL with subscript b: 1.000 1.250 1.168 1.190

qi, p:,,, and TL W ith subscript v: 0.800 0.833 0.824 0. 3r

11-e the ,jwer value of each: qn, Pdm, and TiL.
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Wood Columns - Simple Supports

The wood columsn contemplated in this design section have square

ends and receive/deliver loads through well-fitted joints (not fixed).

(Such conditions are sometimes called pin-ended.) The columns may or

may not have intermediate supports.

Much of the guidance about wood and the wood beam design approach

(both as presented in the preceding section on wood beams) apply to col-

umn design. Accordingly, the column design procedure that follows is

considerably abbreviated, as compared to the beam design section, and

depends a lot on an illustrative example.

A. Design Procedure

a. Column (normal-use) design formulas are shown in Table B1-3.

Note the sketch and use of two different L / d ratios where there is an

intermediate support for the weak direction; per Eq. 7, only the larger

L / d value is used further. Use the table facing Fig. B1-2A to get

each needed L / d value; enter the table with span L and depth d (both
d, and d2 of the sketch in Table B1-3 are termed "depth" - call them
larger and smaller d's, and similar for the L's); read the L / d value.
The sketch of Table B1-3 actually shows a part-column with two sets of
intermediate supports; if only the weaker direction has intermediate
support, 22 is the end-to-end column length. If the (larger) design
L / d value is greater than 50, the selected member and/or its lateral
supports is/are inadequate; change member or supports.

Determine the modulus of elasticity E and the design value for
compression stress parallel to grain Fc for the wood member selected
(1,Supplement,Table 4A); regrading is urged (time permitting), just as
it was for wood beams.

Using Figure B1-2A, enter graph 1 with the Fc value; go up to
the appropriate E value (or interpolate vertically between the two
curves bracketing the E value), then right to read a value for K (on
scale between graphs 1 and 2). If the design L / d value is less than
or equal to K, continue to the right until h'tt-Ig the appropriate L ' d
curve (or interpolate horizontally between L / d curves); using the same
Fc (as used with graph 1) go vertically to the Fc line of graph 3 (or
interpolate vertically); then go horizontally to the graph 4 line repre-

senting the nominal (actual) column dimensions; finally, go vertically
to read P and Pd.

The final P found comes from use of Eq. 13. For Pd, multiples

of 2 on Fc for short duration (impact) loading, and 1.3 for a 30% factor

of safety, are reduced by a factor of 0.5 from using a ii of 1; thus Pd
equals (2 x 1.3 x 0.5) or 1.3 times P.
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Table B1-3

COLUMN FORMULAS - SIMPLE SOLID COLUMN DESIGN 13)
(Pin-ended conditions assumed)

Q, and 92 =
Distances between points of
lateral support of column in

R Rt planes 1 and 2, inches
Q2  L dl and d2=

Dimensions of column in
planes of lateral support,
inches

d2

For conditions shown in the sketch:

Use larger of L1 / d, and Lz / dz as the L / d for design (7)

Slenderness ratio L / d must be i 50 (8)

For L / d i 11: F 6 = Fe (9)

For L / d ) 11, but - K"

K : 0.671 IE / Fe (10)

FC Fc (1 - 1/3 (L / dK)4) (11)

For L / d k K: F' = 0.3E / (L / d)2  (12)

P AFI bdF (13)
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L /d VALUES FOR FICURE BI-2

d (in.)
L (in.) 1.5 2.5 3.5 4.5 5.5 7.25 9.25 11.25

18 12.0 7.2 5.1 4.0 3.3 2.5 1.9 1.6
20 13.3 8.0 5.7 4.4 3.6 2.8 2.2 1.8
22 14.7 8.8 6.3 4.9 4.0 3.0 2.4 2.0
24 16.0 '.6 6.9 5.3 4.4 3.3 2.6 2.1
26 17.3 10.4 7.4 5.8 4.7 3.6 2.8. 2.3
28 18.7 11.2 8.0 6.2 5.1 3.9 3.0 2.5
30 20.0 12.0 8.6 6.7 5.5 4.1 3.2 2.7
32 21.3 12.8 9.1 7.1 5.8 4.4 3.5 2.8
34 22.7 13.6 9.7 7.6 6.2 4.7 3.7 3.0
36 24.0 14.4 10.3 8.0 6.5 5.0 3.9 3.2
38 25.3 15.2 10.9 8.4 6.9 5.-2 . 3. -
40 26.7 16.0 11.4 8.9 7.3 5.5 4.3 3.6
42 28.0 16.8 12.0 9.3 1.6 5.8 4.5 3.7
44 2'.3 17.6 12.6 9.8 8.0 6.1 4.8 3.9
46 30.7 18.4 13.1 10.2 8.4 6.3 5.0 4.1
48 32.0 19.2 13.7 10.7 6.7 6.6 5.2 4.3
50 33.3 20.0 14.3 11.1 9.1 6.09 5.4 4.4
52 34.7 20.8 14.9 11.6 9.5 7.2 5.6 A4.6
54 36.0 21.6 15.4 12.0 9.8 7.4 5.8 4.8
56 37.3 22.4 16.0 12.4 10.2 7.7 6.1 5.0
58 38.7 23.2 16.6 12.9 10.5 8.0 6.3 5.2
60 40.0 24.0 17.1 13.3 10.9 8.3 6.5 5.3
62 41.3 24.8 17 7 13.8 11.3 8.6 6.7 .5
64 42.7 25.6 18.3 14.2 11.6 8.8 6.9 5.7
66 44.0 26.4 18.9 14.7 12.0 9;.1 7.1 5.9
68 45.3 27.2 19.4 15.1 12.4 9.4 7.4 -. 0
70 46.7 28.0 20.0 15.6 12.7 q.7 7.6 6.2
72 48.0 28.8 20.6 16.0 13.1 9.9 7.E 6.4
74 49.3 29.6 21.1 16.4 13.5 10.? 8.0 6.6
76 50.7 30.4 21.7 16.9 13.8 10.5 8.2 6.8
78 52.0 31.2 22.3 17.3 14.2 10.8 8.4 6.9
80 53.3 32.0 22.9 17.8 14.5 ii.. 8.6 7.1
82 54.7 32.8 23.4 18.2 14.9 11.3 8.9 7.3
84 56.0 33.6 24.0 18.7 15.3 11 6 9.1 7.5
86 57.3 34.4 24.6 19.1 15.6 11.9 9.3 7.6
88 56.7 35.2 25.1 19.6 16.0 12.1 9.5 7.8
90 6U.0 36.0 25.7 20.0 16.4 12.4 9.7 8.0
92 61.3 36.8 26.3 40. 4 16.7 -12.7 "9.9 8-.2
94 G2.7 37.6 26.9 20.9 17.1 13.0 10.2 8.4
96 64.0 38.4 27.4 21.3 17.5 13.2 10.4 8.5
98 65.3 39.2 28.0 21.8 17.8 13.5 10.6" 8.7

100 66.7 40.0 28.6 22.2 18.2 13.8 10.8 8.9
102 68.C 40.8 29.1 22.7 18.5 14.1 11.0 9.1
-T64 69.3- 4-1. 6 29.7 23. 1 -18.9- 14-.3- 11. 2 . 22 9.-2
106 70.7 42.4 30.3 23.6 19.3 14.6 11.5 9.4
108 72.0 43.2 30.9 24.0 19.6 14.9 11.7 9.6
S110 . 73. 3 -44.0 31. 4 24. 4'... 20.-0 i-5". 2 11.-9 9.8
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( F,-r chock lng adequacy of d,.rorn d co I Iiu 'i i n term. oh the rI

e di d h, .ir trf , a n d also for some comm enIts on !,i 11 or hotto' plate or
h ucI. I nj " s,,s I?," see section "C. End Bvar I n atIi SIlI/Pott' Plate

'( ,; n ii ' 1) r, I a .

B. h,"ric-l_ FL l xampIe - D _in I"irn(1_ F i':ure Pr _-2

, an ll ustrat ive examp le: assu e 2x, ; are to le checked for

their 1l-st c paci ty in use as upgrading columns; Idaho lhit ['ii,0 to t

a.ailmbl f, for which Fc is 6f0 psi and E is 1.2 mIlli cII si ii Star1td
C !t 1 j 1, Supplemient, p. 11; or table oI p. B2-16, Append Ix B21; co I ;n

he1 21 t . (L is also used ini tis section ) is 9s in. Usin 9  tahle facing t

Figure P1-2A, L / c values are 64 for narrow (weaker) direction (d is

1.5 ii.) ar1d 271. for w ide (stronger) direction (d is 3.5 1n.); ti)e

larger L / d of 64 controls (Eq. 7). According to Eq. 8, this column is

urnusab le (iucklI ig hazard is too great).

The 2x4s can be used if supported at mid--height, in the weak direc-

tion, which is one alternative; however, let 's take the other, that is,

use a larger column by assumiing that 4x is are to be checked instead

(norImally, such a great increase would not be called for unless tile

designer is way off in his fi rst guess, but poetic licence is taken here

in order to demeonstrate the two things that cai happe]nin using F gure

B1 -,-2). Values for Fc and E are uncIar ged; L / d is 27.4 as before.

Entering B1-2A uith Fc of 650 and E of 1.2 r1IlioI, read K as 20; since

L / d is less than K, conti:ue horizontally, iinterpolat ig hriZontally I:
betIlern curves for L / d of 28 arid 20, that is about 3/1 of the taiy from

the 2' to the 28 curve (I ..I 1 2 - 3/1); go vertically frorem this interpo-

lated point (about on 0.73 of1 bottom scale) to Fc of 650 in gr, ph 3;
tihen horrizntally (alorg about tie F of -170 hine) to the specific line

for 4x,1 (3.1r'x3.5) i n graph 4 (no iIt-rroIating iin this area!); then ver-

tIcall ' to read P as 5. 8  kips (5, 100 peundrcs) and PI as aboLt 7.5 kips

(7,5;1:1 pu(.Inr ) . (From calculatI on , Oir 'ge B2-2,, Appendix [2: L / dt

is 27.43; K is 28.83; FC is 172, thus F/Fc for bottoi scale is 0.726; P

is 5, 712, frori wh ich Pd is 7,517.)

wu'erical reuIlts are shown to illustrate the work, not to imply a

degree of accuracy in design/analysis.
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Now, assuming that the wood and grade are Douglas Fir-I arch arid
Construction, find F, of 1, 150 psi and E of 1, 5 million p';i from sai'e
sources as before. Using Flnure B1-2A. graph I (interpolate ,f'r t iraII
between E curves), find K as 24, meaning that L / d ef 27.4 io q t,, ter
than K, and F igure B1-2B must be used ( instead of graphs 2 and 3
BI-2A). Using B1-2B, enter with L / d of 27.4 and F of 1.5 millI n ,
read F as 595; using graph 4 of B1-2A, enter with F of 595 and rea d
(for 4x4s) P of 7.3 kips (7,300 pounds) and Pd of 9.5 kip-, [q,s100
pounds). (Again, from calculations on page B2-28, Appendix 82.: / d
is 27.43 as before; K is 24.23; F, is 593; P is 7,327, frum which P 1  is
9, 525. )

C. End Bearing and Sill/Bottom Plate Design

a. Adequacy of columns for end grain in bearing (top and bottom)
should be checked. The method can be shown by example, using the two
columns in the numerical example of the preceding section; lable B1-4
(fourth column) shows the design value for end bearing F, for *x4s as
1,390 psi for the Idaho White Pine and as 2,020 psi for the Douglas
Fir-Larch. With the 4x4 (3.5x3.5) end area of 12.25 in.,, the two exam-
pie columns have end bearing capacities of 17,028 and 24,745 pouids if
bearing is through metal plates, and 12,771 and 18,559 pounds if onl less
rigid materials (wood, concrete, etc.); see the comment along the bottom
of Table BI-4. With the two example columns blast capacities Pd of
7,500 and 9,500 pounds, there is ample end bearing capacity even under
the 75% limitation. Further, the design values F,3 of lable B1-1 are
subject to duration of loading factors 11,Sec.2.2.5.31: increase the F9
values by 15% for loads of 2 months or less (as with fallout-shieldinq
soil), and 100% for impact loads (such as air blast)! Thus, column acle-
quacy for end grain in bearing might be concluded to be generally of no
concern; nonetheless the checks should be made.

b. Sill or bottom plate "design" could be complex, involving as
it does a beam with concentrated loads (the columns, plus foot plates if
any) and supported by an elastic/plastic/fracturing foundation the
usual light, con rete floor slab). Such design is considered unwar
ranted for the purposes herein. It should be accepted that the floor
slab will crack/break up and will be pushed down, under and adjacent to
the bottom plate, should the upgraded floor system over the basement
receive an air blast overpressure loading; such action absorbs energy.
Recent tests indicate a very high floor slab resistance to colunin punch-
ing from blast duration loads (see page 18 of main text).

For the added loading of soil placed on the first floor for

fallout shielding upgrading, it is doubted that the concrete basemen
floor will experience anything more than localized cracking, if that,
under the following approach:
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Use a bottom plate consisting of stress-graded selected dimen-
sion lumber (better than, say, utility grade), used flatwise, "2x" and
at least as wide as the greater dimension of the columns (preferably
wider) for a column spacing of 12 in. to 24 in.

For greater column spacings, use any blocking available under
each column flatwise and perhaps stacked, preferably with the bottom
block wider than just prescribed for a single menmber bottom plate.

For column spacings of, say, 4 ft or more, one should leave
off thinking of continuous bottom plate as the column spacing grows
larger and takr ecourse in use of a grillage under each column; the

basic premise i, to spread the load on the floor slab and underlying
soil.

1-
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Peak Air Blast Resistance Capacity - Side-on versuus Head-on

Peak applied air blast pressure resistance capacity (psi), deter-

mined above for the particular applied situation (with its design

stresses from the grading association), was just that, as felt by the

structure member. If the member is used so that the blast wave strikes

it head-on, e.g., as if the member is part of the front wall of a build-

ing struck by the blast wave, then the blast wave is fully reflected,

making it equivalent in loading force to a much stronger wave applied

only side-on. To relate these two situations by putting both in terms

of air blast peak free-field overpressure resistance (that is, out in

the open, unaffected by structures), use the scales below:

FREE-FIELD OVERPRESSURE (WHEN APPLIED SIDE-ON)

0 0.5 1.0 15 201, 2.5 3.0 3.5 kg/cm2

0 405 30. 50 psi

. . I I" . ' I , 1 ' , ,

0 2 4 6 8 10 12 14 16 psi
........... ............... .........................

0.2 0.4 0.6 0.8 1.0 1.2 kg/cm2

FREE-FIELD OVERPRESSURE (MHEN APPLIED HEAD-ON OR FULLY REFLECTED)

For example, a free-field overpressure of 45 psi hitting the member

side-on gives the same peak londing to the mpmber as a free-field

overpressure of 16 psi hitting the member head-on/fully reflected.
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NOTATION

A = are of beam cross-section (in.Z)

b = width of beam (in.)

Cd = drag coefficient (= ratio of drag pressure on object to
dynamic/wind pressure in free field)

c,c" = dimensionless coefficients

d = depth of wood beam (in.)

d = for columns, see figure in Table B1-3 (in.)

Fb = extreme fiber stress in bending (psi)

Fdb = dynamic Fb (psi)

F, = compression stress parallel to grain (psi)

F S = Fc corrected for buckling hazard (psi)

Fct = compression stress perpendicular to grain, or bearing
stress (psi)

Fdc±= dynamic Fc± (psi)

Fv = horizontal shear stress (in wood) (psi)

Fdv = dynamic Fv (psi)

K = column slenderness ratio; see Table B1-3

L = span length of beam (center-center of supports unless otherwise
indicated) (in.)

L column overall length or unsupported length (see Table B1-3)
(in.)

L' = bearing length at each end of wood beam (in.)

M = bending moment (in.-ib)

P = total load (TL) column load capacity (normal use) (ib)

Pd = total load (TL) column load blast capacity (Ib)

Pdm = peak (unit) value of applied (air blast) loading (psi)

Pr = peak reflected (air blast) overpressure (psi)
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NOTATION (concluded)

Po = peak side-on (air blast) overpressure (psi)

q = resistance of member, ultimate (psi)

qb = bending q (psi)

qn = resistance under normal use design (psi)

qv = horizontal shear q (psi)

S = section modulus (in.
3 )

U = shock velocity (air blast) (fps)

V L vertical shear (Ib)

w = load per unit length of beam (psf)

A = ductility ratio (of maximum deflection to yield deflection)
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Appendix B2

HOME BASEMENTS UPGRADING IN HOST AREAS'

Introduction

With the advent of CRP (Crisis Relocation Planning) there is con-

siderable interest in upgrading the floor over host area basements, in

order that mass may be added to that floor (commonly soil over a sheet

of plastic film) for fallout protection, perhaps even upgraded enough
for say, 2 or 3 psi peak air blast overpressure protection, in addition

to the added soil for fallout protection.

Commonly such floors are of wood subflooring (and often with wood
finish flooring); carried by wood joists (with cross-bridging or block-

ing); in turn carried on the outer basement walls and a steel beam on a
pipe column(s) running along the long-direction centerline of the base-

ment. The pipe column(s) are supported on some kind of footing to

spread the load, or infrequently on piling.

The prescribed floor live loading for a residential dwelling first

floor is, and has been, 40 psf (pounds per square foot) [1(p.5-222)] z

under usual allowable design stresses [1,21.

Al! wood members that are depended upon (designed) to carry speci-
fied or calculated loads must be stress-graded by species and type of

member, which data can in turn be used to look up allowable design

stresses [2).

The discussion herein is for a "typical" basement, that is, one

containing as many commonly-used features as possible; variations are

many!

To discuss each of the structural elements just mentioned:

(1) The flooring must be not only strong enough for the 40 psf

design live load plus the dead load of the flooring, both uniformly dis-

tributed loads, but also strong enough to carry safely (to the joists)

the intermittent concentrated loads, such as that from heavy household

Support for preparation of this appendix was provided under FEMA con-

tracts with the Center for Planning and Research, Inc., Palo Alto,
California and SRI International, Menlo Park, California.

2 Brackets are used herein to indicate sources in the References list at

the end of this appendix.
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appliances. The result is that the flooring, considered by itself, is

stronger than enough to handle the uniformly distributed dead load and

40 psf design live load.

(2) The floor joists - say, 2x6 or deeper, 3 and blocked or cross-

bridged to prevent twisting along their bottom edges - are supported on

an outer basement wall (along the long side of the basement, so that

joist spans are in the shorter dimension of a rectangular house or of a

rectangular portion of a larger house). Each floor joist is supported

also on the steel beam discussed further below, and seldom if ever does

one continuous wood joist run from one outer basement wall to the other

but most often consists of two joists nailed together (for erection pur-

poses, not flexural continuity) over the steel beam. Floor joists are

used at intervals of 12 in. or 16 in. (rarely at 24 in.), measured cen-

ter-to-center. Joist design must also consider (as prescribed by local

building code) concentrated live loads, but the uniformly distributed 40

psf live load (also prescribed) usually controls design because of the

ability of the joist blocking or cross-bridging to distribute concen-

trated and other loads to adjoining joists. In fact, the joists (and

the flooring materials directly supporting loads) may be totally pre-

scribed by the local building code, thus requiring no design work except

perhaps for prudent checking.

(3) The supporting steel beam' for the floor joists, and its pipeS

column(s) and footing(s):

(a) May carry only its share of the first floor live (40 psf)

and dead (weight of materials built into the building) loads;

(b) More likely, however, the steel beam will carry directly

above it an interior bearing partition that in turn carries half of the

t-tal ceiling load and attic load (latter, if habitable, 30 psf live

load; uninhabi table, 20 psf 11]); and,

(c) Half the roof dead and live loads (latter is 20 to 100 or

more psf, per local building code) are sometimes carried by an attic

bearing partition (or row of columns) throuqh the first floor bearing

partition to the supporting steel beam under the first floor.

3 Nominal dimensions; actual (finished) dimensions are smaller, i.e., a

2x6 is 11 in. x 5} in. (current) or 1-5/8 in. x 5j in. (formerly).

4 What is described herein as a supporting steel beam may be, instead, a

built-up or solid wood beam, but such substitution has little effect

on the discussion in and purpose of this report.

5 The most common support; however, another steel shape or a wood mem-

ber(s) may be used.
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Returning to the general discussion: A floor system, especially

one with wood flooring and joists, is designed to meet both deflection

and strength limits, with deflection often the controlling criterion

(one dislikes walking on a springy floor, regardless of repeated assur-

ances that it is safe). What this means, however, is that the floor is

actually stronger than it needs to be TO CARRY LOADS, that is, to carry

more than the prescribed design live and dead loads and still remain

within safe design stresses. Further, the allowable stresses have

built-in factors of safety that are reduced for unusual loads such as

those from wind and earthquake, so can certainly be exploited for such

an emergency need as supplementing the building's fallout and low level

air blast protection. Finally, actual live loads expected to occur are

usually less than prescribed (code) live loads described earlier; for

example, a residential basement converted to a fallout shelter by adding

soil a foot or so deep on the first floor is not apt also to have its

usual live loads (people and furniture) to consider, certainly not to

normal use levels.

Design/Analysis Annex Work

The Annex shows an analysis of an assumed floor joist system (2x8s

on 16 in. centers) in its usual and an upgraded situation (support added

at mid-span). Other supporting work included the design of top beams to

transfer loads from the joists to columns spaced to carry 1j joists per

column, and the design/analysis of several potential column sizes. lhe

work and results are described in more detail for each member type in

the following paragraphs.

(1) Annex sheets provide:

(a) Notation used.

(b) A tabulation of design stresses for one lower and one

higher strength, widely available, wood species of two grades each, the

latter to cover Dimension Lumber of two sizes: 2 in. to 4 in. thick,

4 in. wide; and 2 in. to 4 in. thick, 5 in. and wider.

(c) A set of wood beam design formulas for uniformly distrib-

uted loads: flexure; horizontal shear; end bearing length required;

and, deflection limits as prescribed by building codes.

(d) A set of column design formulas.

(2) Another sheet (Usual Floor Joist Design) uses the above design

formulas and allowable stresses to develop the allowable clear span for

2x8s on 16-in. centers, when using the lower and higher strength woods

described above. Allowable spans (center-center of supports) proved to

be 11 ft and 13 ft 4 in. for lower and higher strengths, respectively.

The work uses a live load of 40 psf and a dead load of 10 psf.
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But concern here is for host area shelter (see lower portion

of the Annex sheet):

First, the deflection criteria may be ignored without

hazard to the structure, which in this example increases the allowable

live load for the higher strength wood (keeping the span unchanged);

Second, fallout shielding soil loads might be assumed as

applied for two months or less, for which the design code allows an
increase of 15 percent in live load;

Third, air blast loads only are impact live loads, for

which the code allows a 100 percent increase (riot additive to the above

15 percent!) in live load, to which one might add a 30 percent increase

representing the current estimated factor of safety in wood grading (at
5 percent risk probability); and,

Fourth, combined shielding soil and air blast live loads

may be handled as shown on the Annex sheet.

The approach leaves the residential basement undamaged by

fallout protection, but risks damage if an attack occurs. The last

admonition on the sheet, "re-check adequacy of end bearings," may be met

by using Equations 10-12 on the Annex sheet, Wood Beam Design Formulas.

Dynamic factors for air blast are ignored in this appendix,

because it is felt that a home getting less than, say, 5 psi air blast

peak free field loading will feel an interior air blast pulse with a
rise time long enough to make the effect no worse than that from a

softly applied static load of short duration.

(3) The next Annex sheet begins the design wurk by assuming that
these 2x8 joists on 16-in. centers have added mid-span supports

installed for upgrading; thus the same lower arid higher strength joists

have their spans changed to 5 ft 6 in. arid 6 ft 8 in. (both center to
center), respectively. Deflection criteria are NOT used for the emer-

gency purposes contemplated by upgrading work.

The sheet shows the design calculations and results: fallout

soil (assuming 100 pcf) shielding capacity alone of soil 26.4 in. thick

and 29.4 in. thick, for lower and higher strength woods, respectively;

and, an example combined protection capacity of 12 in. deep soil (assum-
ing 95 pcf), plus 1.96 psi and 2.36 psi blast overpressure (long dura-

tion), with the technique shown so that other combinations of fallout
and blast protection may be calculated. Required bearing lengths are

also shown on the sheet.

The adequacy of the flooring materials, to support these new

total loads, was assumed to be sufficient for the reason stated in para-

graph I of the Introduction, Such adequacy should be checked, of

course; the approach for the flooring materials is the same as for any

wood beam examined with the use of the Annex sheet on beam formulas.
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(4) The work included the design of top beams (3 sheets), showing

those with capacities of interest for joist loads of the range encoun-
tered above. Results 6 of the top beam designs are shown in Table 12-1.

Top beam capacities shown exclude the allowable stress increases (15 and

100 percent) for short duration loads discussed above under floor joist

design; similar increases apply to top beams.

(5) The work also covered examination of various sizes of columns

(3 sheets) for their load capacity, with the rectangular, non-square
sizes also checked for capacity where mid-height supports (and at

third-points in some cases) in the weak direction have been added.

Results are shown in Table B2-2.

Figure B2-I shows schemes for floor joists upgrading: one with

wood posts at a spacing of I floor joists per post, with top beams to

transfer joist loads to the posts; the other with a stud directly under

each joist and using a top (or tie) plate to prevent twisting of the

bottom edges of the joists. The top (or tie) plate may be unneeded if

the joists have adequate blocking or cross-bridging (and each joist bot-

tom edge has enough bearing area for the top of a stud).

Applications

Obviously, if one could go into a house and identify fully the wood

floor joist material used (species, size and grade of wood) arid happened
to have a copy of the applicable grading rules (shirt-pocket size for

the particular grading association OR Reference [21 with back editions),

design stresses could be applied as they have been in the preceding sec-

tion and the Annex, leading to analysis of the joists and ciesign of

joist upgrading and of top beams arid columns. Such a situation is

unlikely to apply.

An alternate approach might be as described in the following para-

graphs:

(1) Assume that the floor over the basement was built according to

a building code calling for 40 psf live load on the first floor and
allowing 10 psf for dead load (weight of flooring materials and joists).

(Wany buildings were not built according to code or the code was not

enforced, but many are stronger (especially if owner built) and probably

a lot are weaker (e.g., as in speculative housing built to cut cor-

ners).

Numerical results are shown to illustrate the work, not to imply a

degree of accuracy in design/analysis.
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Lriple 2xSs, tdewisc I'

)uidruple 2xs, edew*sL t 2
I -

NOTE: See Annex sheets (3), 'lop Bi s for d ms rlcth od
including required bearing lengths on top and hottom
surfaces of these two top beuim schemes.
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ll: - ;8 2 732)7

111111 t i j'1 i 1, 1 iIl, lr Lt'

I PlIInI, with IIMi d-bt slppor t : 3143 4348

d X- t  L t Ill wi tI ( Id-p )iniit s upp) r t: 5346 8621

2:':. x8 no 1 111 (t o 1oii1 aild i m , per code)

2x8 co I utim , wi thi mid-ht ;upport : 4143 5731

2x8 colimn, with 3rd-point supports: 7047 11364

g 4x6 co umn: 9914 1382-

h. 4x6 col umn, wi th 11id-ht support: 13302 22292

NOI: Above capacities shou Id be reduced for the column' s own
we i ,ht and mav be increased for various live load durat ions
(see Annex sheet 2 of Columns for Upgrading).
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(2) Measure the actual joist width b, depth d, and center-to-cen-

ter span 7 L of the joist being checked. Also measure the c-c. spacing j

between joists. Use all four dimensions in inches, unless otherwise

indicated below.

(3) Enter Table B2-3, using the nominal b and d (see Table 82-4),
and actual j and L dimensions (all in inches, except L in feet and

inches here); read the values for E and Fb. (For example: 2x8s on

16 in. centers, span 11 ft 8 in., read E as 1,200,000 psi and Fb as

1,040 psi.) Interpolate as necessary if the table doesn't include the

specific field measurements obtained. If the actual b and d measure-
ments agree with the column of Table B2-4 headed "Actual (older)," mul-

tiply the E value read in Table B2-3 by the "Corr. Factor" shown in
Table B2-4.

As an alternative to the Table B2-3 approach, use the follow-
ing formulas (no "Corr. Factor"; all actual dimensions, in inches):

E 15.625 (j / b) (L / d) 3  (psi)

Fb 0.26042 (j / b) (L / d)z (psi)

Both table and formula approaches assume floor designs based

on 40 psf live load, 10 psf dead load, and live load deflection limited

to 1/360th of the span.

(4) Values for F, and Fc± (both in psi) can be calculated from the

following :8

F, 22.6736 + 71.3296 (E / 1,000,000)

Fc = -135.76 + 313.498 (E / 1,000,000)

7 Joist span is measured between the centers of its supports, usually a
steel beam down the basement center and an outer basement wall.

e Least squares regression equations shown were obtained by use of elas-

ticity moduli and allowable stress values [2) for six grades each of
eight species of widely available construction woods: Douglas Fir-

Larch; Western Hemlock; Ponderosa, Sugar, Idaho White, and Lodgepole

Pines; Southern Pine; and Northern Pine; all when used at 19 percent

or less moisture content. (Number of significant digits shown does
not imply a degree of accuracy in the results.) Range of E values

used was 1.0 to 1.8 million psi: of F,, 100-140 psi; of Fc., 190-405
psi. With 36 pairs of values used for each of the two equations, the

range of percentage differerces between each actual value and value
calculated with the applicable equation was: for F., 16.9 percent to

-18.3 percent; for Fc., 33.9 percent to -37.3 percent.

B2- 10



Table B2-3

ALLOWABLE SPANS FOR FLOOR JOISTS
(40 psf LL and 10 psf DL)

DESIGN 01 f RIA: Deflection -for 40 lbs. per sq L tve load. Limited to span in inches divided by 360. Strength - Uwe lead of 40 lbs.
per sq. ft. plus deod load of 10 lbs. pe sq. ft. determines the required fiber stress value.

_iu us af a letet , ."[" ,00.00 i e.

__ ft)_____ 10__ 1 1 4 115 16 tO 1? 168 1.9 201 2.2
6 , lo 9 2 Y-6 9-9 10-0 10-3 10.6 10-9 10-11 11-2 11.4 11-7 11.1

F 10 ,7201 780 830) 890 911 990 1040 1090 1140 1190 1230 120 1320 1410
2 7 9 h-0 8-4 8-7 t-10 9-1 9-4 9-6 -9.9 9-11 10-2 10.4 10-6 10-10

2x6 160 _790 1860 920 980 1040 1040 1150 1200 1250 1310 1360 1410 1460 1550
6-9240 9 7-0 7-3 7-6 7.9 7-11 8-2 8-4 8-6 8-8N 8-10 9-0I 9-2 9-6

-2-4 0 9() 1980 1 1120 119 1250 1310 1380 1440 1500) 1550 1610 1670 1780
11-3 11 1 2-1 12-6 12 16 13-2 13-6 13-10 14-2 14.5 14-8 15-0 15-3 15-9

120 72( 'hi) 830 890 910 990 101090 1140 11901 1231 1280 1320 1410
10-2 10-7 11-0 11-4 118 12.0 12-3 12.7 12-10 13-1 1-4 13-7 13-10 14-3

2xh 160 791) 850 921 980 1040 109 1150) 12(X) 1 1251 1311 1360 1410 1460 1550
8-11 9-3 9-7 9-11 102 10-6 10.9 11-0 11-3 -. 5 11-8 11-11 12-1 12-6

240 9(X) 980 1050 1120 1 19( 1251 1 310 138 1440 15(X) 1 1550 1610 1670 1780
14-4 14-11 15-5 15-11 16-5 t16.10 17-3 17-8 18-0 18-5 18-9 19-1 19-5 20-1

120 72) 780 830 890 9411 990 1040 1090 1140 1190 1230 1280 1320 1410
13-I 13-6 14-0 14-6 14-11 15-3 15-8 16 -0

- 
16-5 16-9 17-0 17-4 17-8 18-3

2%10 160 790 850 920 980 1040 1090 11,50 1200_1 1250 1310) 1360 1410 1460 1550
11-4 11-10 12-3 12.8 13-0 113-4 13-8 14.0 14-4 14-7 14-11 15-2 15-5 15-11

240 900 980 1050 1120 119(0 11250 1310 1380 1440 1500 1550 1610 1670 1780
17-5 18-1 18.9 19-I4 N-1I20-6 21-0 21-6 21-11 22-5 22-10 23-3 23-7 24-5

120 720 780 830 890 910 990 1040 1090 1140 1190 1230 1280 1320 1410-- -16-l 16 .5 17-0- 17-7- 111-1 1i8 7 19-1----6 19-11120-A -20-9- -2-11 -21-6- 22-2
2x12 16.0 791 860 920 980 11401 11090 1150 1200 1250 1310 1360 1410 1460 1550

13-1 14-4 14-11- 15-4 15-10 16-3 16-8 17-0- 17-5 17-9 18-1 18-5 18-9 19-4
24(0 900 980 1051 1120 1190 11250 1310! 1380 1440 151) 1550 1610 1670 1780

'The required extreme fiber stress in bending, F,. in pounds per square inch is shown below each span.
'Use 5ingle or repetitive member bending stress values (F,) and modules of elasticity values (El.
For more comprehensive tables covering a broader range of bending stress values (Fh) and Modulus of Elasticity values (El, other spacli,g

of members and other conditions of loading, see the Uniform Building Code
4The spans in these tables are intended for use in covered structures or where moisture content in use does not exceed 19 percent.

Source: Dwelling Construction Under the Uniform Building Code, 1976 Edition,
International Conference of Building Officials, Whittier, California
90601

Table B2-4

JOIST DIMENSIONS - WIDTH x DEPTH (in.)

Nominal Actual (current) Actual (older) & E Corr. Factor

2x6 1.5x5.5 1-5/8 x 5-1/2 0.923
2x8 1.5x7.25 1-5/8 x 7-1/2 0.834
2x10 1.5x9.25 1-5/8 x 9-1/2 0.852
2x12 1.5x11.25 1-5/8 x 11-1/2 0.864

B2-l1
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(5) Plan to install an additional support line under the mid-span

points of all joists. Identify the measurements made under paragraph 2

as b for actual width of joist, d for actual depth, j for joist spacing
center-to-center (c-c.), and change L to HALF the c-c. span measured for
the full, original joist (paragraph 2), all in inches. Calculate the

allowable unit total load TL on the joists with new mid-span supports as

follows (TL in Pounds per square foot (psf)):

TL = 154 bdFv / (j (L-2d))

or = 192 bd 2 Fb / (jL2 )

whichever is less.

About 10 psf of this TL will roughly cover the flooring mate-

rials, joists, top beam if any, and posts or studs, so that the dead

load DL of 10 psf (approximately) can be subtracted from the TL to

obtain the allowable live load LL on the floor. The equations exclude
any allowed stress increases for load duration of two months or less (15

percent) or impact (100 percent), or for removing the design factor of

safety (30 percent). Such increases are handled as described in para-
graph 2 of the preceding section, Design/Analysis Annex Work; the com-

ments there about the adequacy of the flooring to carry the above TL

between floor joists, also apply here.

(6) If p is the total load (pounds) per joist, as transmitted to

the top beam if any, or directly to a stud, it equals the TL (as calcu-

lated, but plus any allowed percentage increases, both as just

described) times the contributory (floor) area, jL; that is:

p = (TL) jL / 144.

(7) The required joist bearing area, bL' (actual width b; bearing

length L' along joist; both in inches) on the bottom of the joist at

mid-span can be calculated from the following:

bL' = p / Fc,

with L' in inches, using Fc, (psi) as that for the joist (paragraphs 2-4

above).

If the bL' required by the joist is not provided by the stud
or top beam, a wood block may be needed under the joist (even if the

block crushes under blast loading, it will be absorbing energy), or
recourse to a steel plate may be necessary.

The required bearing area on the top and underside of a top

beam can be similarly calculated, but using the appropriate FcL value
for the top beam wood; calculation sheets in the Annex also show the

methods.

B2-12

I
_-- - -- _ _-- . . .. .. . . -



It is assumed that upgrading materials used, presumably

obtained from lumberyards, will be known as to species, size and grade

of wood, and thus that allowable design values - Fb (both single- and

repetitive-member use), Fc, Fc±, Fv and E - are obtainable from Refer-

ence [21 or the applicable association grading rules. Reference [21
includes associations' addresses, and it is urged that the rules be

used, time permitting, to verify the grading of each piece of lumber.

(8) Top beams may be omitted by putting a stud under each joist,

using a scab board on each side of the stud-joist junction if both mem-

bers are the same width, or using a top (or tie) plate (Figure B2-1).

If top beams are to be used, posts should be located under the

two end joists to be served by each top beam. If the post spacing is to

be other than I times the joist spacing, a new top beam design should

be prepared by a competent civil engineer with wood design experience.

For post spacing at 12 times the joist spacing, design work has been

done, as reported in the preceding section and in Table B2-1. The fol-

lowing calculations may be used to generalize, based on the column spac-

ing at I times the joist spacing ONLY. 9

Four top beam designs (2 sizes, each at two strengths) are

shown in Table B2-1; they may be used as follows:

Top Beam Capacities (11 floor joists per column):

Triple 2v.s, edgewise:
9

p = 25.6 Fv

Quadruple 2x6s, edgewise:
9

p = 25.9 Fv

with the load-per-joist p in pounds, excluding all add-on percentages
related to load duration and factor of safety.

(9) Eight column designs (all 8 ft long and using "2x" or "4x"

members) are identified as "a." through "h." in Table B2-2; some may be

generalized as follows (P is allowable axial load in pounds):

a. P = 0.00154 E e. P = 0.00319 E

c. P = 0.00242 E

b., d., f., g., and h.: Design column, using "Column
Formulas" of Annex.

9 Checked for joist spacings of 24 in. or less.
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Design values for E and Fc should be obtained as described in paragraph

7 above.

The column capacities in Table 82-2, including those from for-

mulas just above, include no duration of load increases - see NOTE on

Table 82-2.

Adequacy of these columns for end grain in bearing (Idaho

White Pine = 1390 psi and Douglas Fir-Larch = 2020 psi applied to the

lower and higher member strengths, respectively, see Table B2-5 fourth

column) has been checked and all are adequate. Note that the FS design

values of Table B2-5 are subject to the same duration of loading

increases (15% and 100% for example), as are the column capacities of

Table 82-2.

(10) Sill or bottom plate "design" could be complex, involving a

beam with concentrated loads (the columns, plus foot plates if any) and

supported by an elastic/plastic/fracturing foundation (the usual light,

concrete floor slab). Such design is considered unwarranted for the

purposes herein. It should be accepted that the floor slab will

crack/break up and will be pushed down, under and adjacent to the bottom

plate, should the upgraded floor system over the basement receive an air

blast overpressure loading; such action absorbs energy. Recent tests

show a very high floor slab resistance to column punching from blast

duration loads (see page 18 of main text).

For the added loading of soil placed on the first floor for

fallout shielding upgrading, it is doubted that the concrete basement

floor will experience anything more than localized cracking, if that,

under the following approach:

Use a bottom plate consisting of stress-graded selected dimen-

sion lumber (better than, say, utility grade), used flatwise, "2x" and

at least as wide as the greater dimension of the columns (preferably

wider) for a column spacing of 12 in. to 24 in.

For greater column spacings, use any blocking available under

each column flatwise and perhaps stacked, preferably with the bottom

block wider than just prescribed for a single member bottom plate.

For column spacings of, say, 4 ft or more, one should leave

off thinking of a continuous bottom plate as the column spacing grows

larger and take recourse in use of a grillage under each column; the
basic premise is to spread the load on the floor slab and underlying

soil.

Design graphs for wood beams and columns are included in Appendix

BI herein.
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Table B2--5

END GRAIN IN BEARING (psi)

Design values for end grain in bearing parallel to grain on a rigid surface Fg
in pounds per square inch

D0i .vsce condihons
1

i Sawn lumbe,
2

Sptcies Wet seinice Glued
conditonsl Moie ihan Nor more tio Ierrinae. rimber

4- thick 4 thick

Ash. Coumecial Whte 1370 1510 2060 2400

Aspen 740 820 1110 1300

Balsam F., 890 980 1330 1560

Beech 1190 1310 1780 2080

8i'ch Sweet and Yelko 1150 7260 1720 2010

Biacs Ckoronnots 620 690 930 1090

Cairotita Redwood (Close 9tai) 1560 1720 2270 2620

Calitottia Redwood Open R , ain) 1150 1270 1670 1940

Coast Sirsa Spce 950 1040 1420 1660

Cuas Speces 950 1040 7420 1660

Cottonwood E asein 765 840 1150 1340

Ouglat Ft Latch 4Dens)
4  

1570 1730 2360 2750

Douglas Fit Latch
4  

1340 1480 2020 2350

Googlas F, South 1220 1340 130 2130

Easte-n Hemlock Tamarocki
4  

1150 1270 1730 2020

Easrein Sp"ce 970 1070 1460 1700

Eastein White P,ne
4  

900 1000 7360 7580

t steti Woods 820 900 1230 1440

Pngelmann Spiue Alpine F,, 810 890 1220 1420

Hem Flr
4  

It70 1220 1670 1940

Hckoi and Pecan 1370 1510 2050 2400

Idaiho Whtte Pine 930 1020 1390 1630

Lodgepole Pine 970 1060 1450 1690

Maple Blak and Sugatl 1140 1260 1710 2000

M"tntain Henlnck 1070 1170 1600 1870

NOIhein Aspen 740 810 1110 1290

Nothe n Pne 7040 1150 7570 1830

No the,n Soccer 880 970 1320 1540

NOt them White Cedat 740 810 1110 1290

Oak Pe and Whie 1060 1160 1590 !850

Po-densa Pine Saga, Pine 910 1000 1370 1600

RI P.ne 880 970 1320 1540

Spiuce 990 1090 1480 1730

Suthen Cuptess 1330 7460 1990 2320

Scuthein Pine Dense) 1540 1690 2310 2690

Soulttein Pie 1320 7450 1970 2300

Spt, ce Pine Ft 940 7040 7410 1650
Sweetgum and Tupelo 1020 1120 1530 170

Westetn Ceda 
4  

1040 1140 1520 1750

Westetn Hemlock 1240 1360 1860 2170

Westein White Pne 930 1030 1400 1630

While Woods (Western Wood,) 810 890 1220 1420

West Cast Wnoons Mired Specesl 810 890 1220 1420

Yeltos, Popiat 890 980 1340 1560

t Wet and dtc sersice condctons are defined n 4 1 4 for sawn lumber and 5 1 5 for glued la rnated tmber

2 Applies to sawn lumbet mertbers which are at a moisrure content of 19 percent or tess when full design toad is applied. regardless of

mosture at time of manufacturte

3 When 4 ich or thinner sawn lumbet is surfaced at a moisture content of 15 percent or less and is used under dty service conditions.

the ual.es Isred tot gloed arinated rimber may be applied

4 Values also aplly when species name includes the designation "North

Source: National Design Specification for Wood Construction. 1977 Edition, National
Forest Products Association, 1619 Massachusetts Avenue, N. W., Washington,
D. C. 20036; art. 2.3, Table 2A.

Author Comments: When stress in end-grain bearing exceeds 75% of above values, bearing
shall be on a metal plate or strap, or on other durable, rigid, homogeneous
material of adequate strength, per Source. (This criterion should be applied
to both top and bottom ends of each stud or post.)
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ANNEX

Stress-graded (visually only) lumber species-sizes-grades I com-
monly available in local lumberyards were narrowed down to the follow-

ing, categorized as "higher strength" and "lower strength" for use in an
earlier study [4,p.C-3&5]:

Allowable Design Stresses in Normal Use (psi)

Size C Grade .Fb Fv 3  F .. 4± Fc_ E F _

2 in. to 4 in. th., 4 in. wide

Construction 6 1200 140 385 1150 1500000 2020
(1050)

Standard 7 450 100 190 650 1200000 1390
(400)

2 in. to 4 in. th., 5 in. & wider 8

No. 1 6 1750 140 385 1250 1800000 2020
(1500)

No. 2 7 925 100 190 725 1300000 1390
(850)

Reference [2] contains a full listing of wood species, sizes, grades,

design values, etc. However, it lacks two needed tables from Refer-
ence (31, which are included herein as Tables B2-5 and B2-6.

All of above is Dimension Lumber; surfaced dry or surfaced green; used
at 19 percent maximum moisture content.

z Repetitive-member use; single-member use values in parentheses

[2,p.201. Both uses are edgewise; for flatwise-use (increase) fac-
tors, see Reference [2,p.16].

3 Values taken from Reference [3,art.3.4.4.2J; see Table B2-6.

4 For bearing lengths L' less than 6 in. long and not nearer than

3 in. to end of member, correct Fc± by (1 + 0.375 / L')
[3,art.3.11.2.2].

5 Values taken from Reference [3,Table 2A,p.7]; see Table B2-5.
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6 "Higher strength"; stresses for Douglas Fir-Larch 121.

7 "Lower strength"; stresses for Idaho White Pine, but useful (practi-
cally) for other Western Pines (Ponderosa, Sugar and Lodgepole) [21.

e But not more than 12 in. [5,p.1 6- 17 ).
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Table B2-6

ALLOWABLE HORIZONTAL SHEAR VALUES Fv (psi)

Maximum Moisture Content

Unseasoned 19 percent 15 percent

Aspen 85 90 95
Balsam Fir 85 95 95
Black Cottonwood 70 75 80
California Redwood 115 120 130
Coast Siltka Spruce 90 95 100
Coast Species 90 95 100
Douglas Fir- Larch 130 140 145
Douglas Fir-South 130 140 145
Eastern Hemlock- Tamarack 120 130 135
Eastern Spruce 95 105 110
Eastern White Pine 90 95 100
Eastern Woods 85 95 95
Engelmann Spruce/Alpine Fir 95 105 110
Hem-Fir 105 110 115
Idaho White Pine 95 100 105
Lodgepole Pine 95 105 110
Mountain Hemlock 130 140 150
Northern Aspen 90 95 100
Northern Pine 100 105 110
Northern Species 90 95 100
Northern White Cedar 85 95 100
Ponderosa Pine-Sugar Pine 100 105 110
Red Pine 100 110 115
Sitka Spruce 105 115 120
Southern Pine 125 135 145
Spruce-Pine-Fir 95 105 110
Western Cedar 100 105 110
Western Hemlock 125 135 145
Western White Pine 90 100 105
White Woods (Western

Woods, West Coast
Woods, Mixed Species) 95 100 105

Source: National Design Specification for Wood Construction, 1977 Edition,
National Forest Products Association, 1619 Massachusetts Avenue, N.W.,
Washington, D. C. 20036; art. 3.4.4.2

Author Comments: Use column of above table that specifies "19 percent"
moisture content. For wood species not shown, consult "Design Values
for Wood Construction," 1980 Supplement to above Source.
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WOOD BEAM DESIGN FORMULAS - UNIFORMLY DISIRIBUTED LOADS

With simple end supports and with continuous supports, beam span L

for horizontal shear design is measured center-to-center (c-c.) of sup-

ports. L is the same with continuous supports for flexure and deflec-

tion design; but with simple end supports, beam span L for flexure and

deflection design should be the beam length between support faces plus

half the REQUIRED bearing length L' at each end [3,art.3.2.1,p.8]. For

simplification, however, L will be taken as c-c. of supports for all

purposes herein.

Constant C is 360 under LL (live loads) only, and is 240 under LL

plus DL (live plus dead loads). Check both conditions.

Constant C' varies with support conditions as shown: SS is simple

supports; PC is propped contilever; and FF is fixed-fixed.

C' Constants

SS PC FF

FLEXURE: 8 8 12

M = WLZ / C' = FbI / c Fbbd2 / 6 (I=bd 3 /12) (1)

(c=d/2)

L2 = C'M / w = C'Fbbd2 / (6w) (2)

w = C'M / L2 = C'Fbbd 2 
/ (6L 2) (3)

HORIZONTAL SHEAR: 2 1.6 2

V = w (L - 2d) / C' 2 bdFv / 3 (4)

L (C'V / w) + 2d : (2C'bdFv / (3w)) + 2d (5)

w = C'V / (L - 2d) 2C'bdFv / (3 (L 2d)) (6)

DEFLECTION: 5/384 1/185 1/334

y = L / C C'wL4 / El = 12C'wL / (Ebd 3 ) (7)

L3  Ebdz / (12C'Cw) (8)

w = (d / L) 3  Eb / (12C'C) (9)
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BEAM BEARING LENGTH L' (at each end): 9  2 (10) 2

If L' < 6 in. AND hear1MnL area i. 3 i n. f rom end:

R =V =wI. / C' bFc.± (L' + 0.375) (10)

L' wL / bC'IF±) 0 0. 375 (11)

w=(bC'F,.L / L ( L' + 0.375) (12)

If L' ' 6 in. OR bparij2_n..jjrea is ( 3 in. from end: Drop 0.375
from Eq. 10-12. (For simplification, consider dropping the 0.375
in all cases.)

9 It is recommnended that L' he not less than 2 in.

10 C' 1.6 at fixed end; C' 2.67 at simple support or "propped" end.
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COLUMN FORMULAS - SIMPLE SOLID COLUMN DESIGN [3]

(Pin-ended conditions assuned)

I, and V2
Distances between points of

lateral support of column in
I planes 1 and 2, inches

#dj

d and d 2

Dimensions of column in
planes of lateral support,
inches

I2

For conditions shown in the sketch:

Use larger of L, / d, and L2 / dz as the L / d for design (13A)

Slenderness ratio L / d must be _ 50 (1 3B)

For L / d < 11: FC Fc (14)

For L / d > 11, but ( K:

K 0.671 JE / Fc (15)

F = Fc (I - 1/3 (L / dK) 4 ) (16)

For L / d _ K: F' O.3E / (L/d)
2  (17)

P - AF' bdF% (18)
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NOTATION ''

A = area of cross-section (in.z)

b = breadth (edge width) of rectangular member (in.)

b' = width of (floor) area supported (in.)

C = deflection coefficient C L / maximum deflection)

C" = beam formula constant

c = distance from neutral axis to extreme fiber (in.)

DL = dead load (psf)

d = depth of rectangular member (in.)

E = modulus of elasticity (psi)

Fb = design value for extreme fiber in bending (flexure) (psi)

Fc = design value for compression parallel to grain (psi)

C = Fc, adjusted for L / d ratio (psi)

Fc± = design value for compression perpendicular to grain (psi)

F9  = design value for end grain in bearing parallel to grain (psi)

F, = design value in horizontal shear (psi)

I = moment of inertia (in.)

j = joist spacing (in.)

K = for columns, largest slenderness ratio, L / d, where intermediate
column formula applies (see Eq. 15 and 16)

L = span length of horizontal member (usually center-to-center of
supports); or distance (c-c.) between column lateral support
points (in.)

G Generally follows Reference 131.
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NOTATION (concluded)

L" required bearing length in compression perpendicular to grain
(in.)

LL = live load (psf)

M = bending or resisting moment, maximum (in.-lb)

P = total concentrated load or axial load (1b)

p = load (live and dead) per joist on top beam, post/stud, etc. (lb)

pcf = pounds per cubic foot

pli = pounds per linear inch

psf = pounds per square foot

psi = pounds per square inch

q = design strength (beam) for static loads (psi)

S = section modulus I/ c) (in. 3 )

TL = total load = DL + LL) (psf)

t = thickness (in.)

V = vertical design shear ( horizontal) in beams (lb)

W = total uniformly distributed load (lb)

w = uniformly distributed load per unit length (pli)

y = deflection of member, usually at mid-length (in.)
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I
Appendix D1

BLAST-RESISTANT DESIGN/ANALYSIS OF STEEL MEMBERS'

Introduction

It is expected that the reader/user of this appendix will have
first read Appendix A containing information applicable to blast-resist-
ant design/anAlysis generally. This appendix provides information spe-
cific to such design/analysis using steel plates and rolled shapes.

As before (Appendix A), useful material developed by Newmark [112
is included in quotes below (parenthetic insertions or connective words
are by this writer).

Design in Steel

"(Blast-resistant) designs in structural steel . . . are based on
plastic design principles. For members responding primarily in flexure,
if the sections are sufficiently ductile to permit redistribution of
moment after the first inelastic action begins, the yield moment is
taken as the fully plastic moment of the cross-section.

"Structural carbon steel, i.e., ASTM A-7, A-36, or A-373, possesses
a high degree of ductility and strain hardens markedly. Thereiore, the
zones of inelastic behavior in structural elements formed of these
alloys will be widespread. A ductility factor (g) in flexure of 10 has
been used for design in these alloys.

"Higher strength steels . . have less ductility and strain harden
less than the above mild steels. The zones of inelastic behavior will
be more limited in extent with limited plastic hinge rotational capac-
ity. Therefore, a ductility factor of no more than 3 is recommended for

designs of flexural members in these materials.

"Compression members should be designed for a ductility factor of
1.1. Tension members may be designed with the ductility factor appro-

priate for the material in flexure.

Flat Plate/Sheet, Corrugated, and Builtup Sections.

2 Brackets are used herein to indicate sources in the References list at

the end of this appendix.
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Stability Limitations
I

"In order that the yielded cross-section of a member continue to

transmit tile fully plastic moment through large rotations of the plastic
hinge, limitations are placed on the cross-sectional dimensions to
insure stability against buckling. Two types of instability are impor-
tant for flexural members: (1) local buckling of elements of the sec-
tion, and (2) lateral buckling of the compression flange. Lateral buck-
ling is not commonly a problem for (floor or) door elements since the
compressive flanges will ordinarily have continuous lateral support.
However, in instances where compression flanges are (laterally) sup-
ported, the stability of the member should be evaluated following the

procedures given in Reference (2]. . . . It is noted that tests have

shown a lessened tendency towards buckling for rapid load application;
therefore, the usual specified minimum values for yield stress may be
used as the required stress level in equations for stability.

"The following limitations on the dimensions of ASTM A-7, A-36, or

A-373 steel sections are taken from Reference (2]. The relations are
based on an axial yield stress level of 33 ksi, but tests have shown
that sections meeting these requirements perform satisfactorily under
rapid loading in spite of the increased yield point.

"Stability Requirement for A-7. A-36 and A-373 Steel Sections

Compression flange of WF, I or H section b/tf 1 17

Web in shear d/w i 43

where:

b = flange width (in.)

d = depth of section (in.)

tf = flange thickness (in.)

w = web thickness (in.)

"Interaction expression for more complex stress states are given in
Reference 121 uhich also contains more general expressions which must be
used to set stability limitations on the dimensions of sections fabri-

cated of higher strength steel.

"The structural resistance is defined by the yield level and the
ductility. The product of these quantities is a measure of the energy

absorption capacity of the structure. Continuity of structural elements
provides an increased energy absorption capacity and should be provided
where practicable in metal blast-resistant structures. To attain conti-
nuity, joints should be designed to develop the full flexural or axial
capacity of the member; otherwise, deformations will be concentrated at
the joints and the overall ductility of the element will be reduced.
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"Welded construction can readily provide structural continuity.

However, approved welding procedures, good weld and fabrication details,
properly selected welding rods, and weldable base metal are essential if

brittle response is to be avoided. Riveted or bolted joint details
should be free of sheared edges and punched holes, and adequate edge
distances should be provided.

Structural Steel Material Properties

"The (dynamic) design stresses (Table 01-1) are based on the yield

strengths for the loading rate range expected in protective construc-
tion (References [1,31).

Resistance Expressions

"The equations involved in the evaluation of the resistance of

structural (steel) elements . . . are presented in . . . Table 01-2.

These expressions define the flexural resistance, shearing resistance,
(effective) natural period (of vibration) in flexure, and (centerline)

yield deflection. The design stresses to be used with these expressions

are in Table 01-1."
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Table Di-lA

DESIGN STRESSES FOR STEEL

Axial Shearing Allomeble Ioarina Stress

Steel Stress Stress Single Shear Double Shear

fd.yksI vdykst fbysksi fby k s i

Structural Carbon, ASTH

A-7, A-36, or A-373 42 2S

Corrugated Iron2  34 20

Welds 42 29

Rivets ASTH A-141 40 30 60 so
ASTH A-195 60 40 80 80

Bolts ASTH A-307 32 19 40 40
ASTH A-325 s0 30 60 60

IFor higher strength structural steels, use an axial design

stress, fdy.equal to the smaller of 1.10 times the specified
mininum yield or 0.90 times the specified minlmam ultimte
strength. For design shearing stress, vdy, se 0.60 f
(See facing page.)

2The value of fdy has been selected to be used with a plastic
mdulus, Z. of .S times the section modulus, S.

Source: Ret. 1, p. 153
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Table DI-IB

Steel Yield Ult. Axial Shearing
Tens.* Tens.* Stress Stress

Carbon: 
ksi ksi fdy, ksi Vdy, ksi

Carbon:

A529 42 60-85 50 25

High-Strength Low-Alloy:
A242 (to 3/4" th. incl.) 50 70 55 33

A440"""""

A441 s" " 

A572 (to & incl, th.":)
Grade 42 (4") 42
S45 (1") 45 60 50 30

of 50 (1 ") 50 65 55 33
" 55 (1 ") 55 70 61 36
" 60 (1") 60 75 66 40
" 65 ( ") 65 80 72 43

A588 (to 4" th. incl.) 50 70 55 33

*Source: Manual of Steel Construction, 7th edition, 1970, American

Institute of Steel Construction, Chicago; p. 5-212 thru -216.
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1OTATION FOR TABLE D1-2

a - Ls/L (design as 1-way in short direction for a < j)

. 2
A - total area of element, in

A/b - A per inch width, in.

b - width of element of section, in.

d - depth of structural element, in.

E - elastic Youngs modulus, psi

f - dynamic tensile yield stress, psi

I - moment of inertia of element, In
4

I/b - I per inch width, In
3

kI - (77 + 180 a )t 3 4 psi/in12L
s

k2 - (307 + 500 a3 ) psi/in12L5

K2 , j2 +3+ 2 a

L - 1-way plate span, in.

L - 2-way long span, in.

L - 2-way short span, In.5

S - section modulus of element, in3

S/b - S per Inch width, in
2

t - plate thickness, in.

t - total web thickness of element, in.w

v - dynamic shearing yield stress, psi

W - plate weight, psf

Z - plastic modulus of section, in

Z 2 1.5 S for corrugated plate
1.15 S for I or WF section

Z/b - Z per inch width, In
2

Source: Ref. 1, p. 158
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Table DI-2

RESISTANCE EXPRESSIONS FOR STEEL STRUCTURAL ELEMENTS

Flexure Shear Period in Flexure Yield Defl.

qy, psi qy, psi Tx sec.iat 4.n

FLAT PLATE SECTION
49.4xlO'3L2 _W

dy Ldy Et3 25. Et 3

2-way t 2 2
Simple Support

2 t 2( 40) lxlO'32 EWt!3

Fixed Support 4f Idy 2 v tL

CORRUGATED SECTION

Simple Support bdL-s E . 3 l 38 L

16f 2vI7 q L4
Fixed Support IxIO 2  k

2 b L bL 207EI

BUILT-UP SECTION

I-way 8f dt 3 2 r _
Simple Support y2 2v L b1Ei 3 E

b ~dy bL 3rxlL4 L..

Fixed Support ± j I w 1.2xlO3L bLb b 307 E I
iedSpot 16fdZ b 2y dt ]'2xlO3L2/W yL b30

Source: Ref. 1, p. 159
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Applications

This section is limited to use of steel sheets and plates as barri-

ers, especially as closures to prevent exterior air blast from entering
the basement shelter. However, data useful for other steel applica-
tions, such as use of corrugated steel sheets, builtup sentions, welds,
rivets and bolts, are included elsewhere herein.

It is assumed that the reader/user has reviewed Appendix A herein.

Local availability of steel sheets, plates, and shapes is discussed
below in Appendix El.

A. Allowable Stresses

Allowable stresses for blast-resistant design are shown in Table
01-1. For design of sheet/plate closures, one needs a value for fdy for
the particular available steel planned for use, based on its specific
ASTM specification number. The fdy value should be in psi (ksi value
times 1000 equals the psi value), and is used for both the axial and
flexural allowable stresses. (Allowable shear stress vdy is not needed
for the applications contemplated herein.)

For an illustrative example: assume A36 steel for use; fdy is 42
ksi (Table 01-1A) or 42,000 psi.

B. One-way Flat Plate Closures. Simple Supports

This design situation applies when the closure sheet or plate is
simply supported (i.e., not clamped) on two opposite edges only. The
applicable basic formula is the first one of Table D1-2; qy is found,
using known values of plate thickness t (in.) and the clear span L
(in.) between supports. Also used is the formula relating Pdm (peak
value of the blast pressure that can be resisted by the steel plate clo-
sure, psi) to qy and the ductility factor 1.3

Graphic solutions for these combined (two) formulas, for
A7/A36/A373 steels in thicknesses of 16 gage (0.06 in.) and 1/8" to
3/4", are shown in Figure 01-1, which is accompanied by a table of cor-
rection factors that is discussed further below.

Continuing our example: for 3/4" th. plate and clear span L of 50
in., read Pdm = 18 psi in Figure 01-1. (Curves of Figure 01-1 are ended
arbitrarily at peak Pdm value of 50 psi and peak plate weight of about
500 pounds (for square plate of length L on each side).)

3 See third paragraph of earlier section on "Design in Steel" where
= 10 is recommended for carbon steels and gi 3 for higher strength

steels.
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CORRECTION FACTORS FOR FIGURE DI-l

For Carbon Steels For High-Strength Steels

ASTM- Factor ASTM- Factor

A7 1.000 A242 1.149

A36 1.000 A440 1.149

A373 1.000 A441 1.149

A529 1.190 A572

Grade 42 0.961
45 1.044

" 50 1.149
" 55 1.274
" 60 1.378

" 65 1.504

A588 1.149

For Two-way Plates

Ratio of longer
to shorter clear Factor
spans, L / Ls ______

1.0 3.000

1.1 2.736

1.2 2.531

1.3 2.366

1.4 2.232

1.5 2.121

1.6 2.028

1.7 1.948

1.8 1.879

1.9 1.820

2.0 1.768

> 2.0 1.000

DI-10

[ .1



FOR A,, A " & A Q75

STRUCTURAL CARBON STEEI.S
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C. Correction Factors for Other Steels

Correction factors for use with Figure D1-1 are shown in a table
accompanying the figure; they allow use of all other steels listed in
Table D1-1, each with the appropriate ductility factor ig as discussed
above. The figure is used as described just above, then the Pdm value
obtained is multiplied by the correction factor for the steel used.

Continuing our example: for the same plate and span, but this time
with A529 steel: Pdm of 18 psi is multiplied by the correction factor
of 1.190 for A529 steel, giving a corrected Pdm = 18 X 1.190 = 21.4 psi.

0. Correction Factors for Two-way Plates

Correction factors for use with Figure 01-1 are shown in the same
accompanying table, and cover use of a two-way plate simply supported or,
all four edges, instead of the one-way simply supported plate that is
the basis for the Figure. These correction factors vary with the ratio
of longer clear span to shorter clear span, or LL/Ls.

Continuing our example: using a two-way simply supported plate
instead of one-way, shorter and longer clear spans are 50 and 60 in.,
respectively; use the shorter span with Figure D1-1 and read the same 18
psi for Pdm; A529 steel dictates using a correction factor of 1.190 (as
above); correcting for two-way versus one-way plates inserts another
correction factor, that for LL/Ls = 6C/50 = 1.2, or a factor of 2.531
from the table accompanying the Figure. Putting this together:

Pdm 18 X 1.190 x 2.531 54.2 psi.

01-12



NOTATION

(Excluding notation defined there and used in Tables DI-1 and 01-2)

b = flange width (in.)

d = depth of section (in.)

ksi = kips (kilo-pounds) per square inch (1 kip = 1,000 psi)

psi = pounds per square inch

Pdm = peak air blast pressure applied to member, psi

tf = flange thickness (in.)

w = web thickness (in.)

= Xm/xe = the ductility factor (see Appendix A)
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Appendix El

STRUCTURAL STEEL LOCAL AVAILABILITY AND USE
FOR BLAST SUIELTER UPGRADING

Introduction and Purpose

Among the various materials useful for construction of closure

systems for blast shelters and for strengthening the floor over such
shelters, are the standard structural steel products including plates,
structural shapes including "I" beams and channels, structural tubing,
and pipe.

These materials are those normally used in the structural framing

for buildings, bridges, industrial plants, and for other heavy construc-

tion purposes. Structural steel materials are stocked rather widely on
a regional and local basis.

Structural steel materials may be used for "expedient" or "engi-
neered" upgrading of potential blast shelters. Usually such uses will

involve provision of closure or strengthening of floor systems, or most
likely both. Structural steel materials will be particularly useful,
and in many cases required, for provision of the higher levels of blast
protection, or where closure or floor spans are long.

Design guidance for the use of structural steel products in both

expedient and engineered blast shelter upgrading is given elsewhere in
this report (main text and Appendix D1). The purpose of this appendix
is to describe the general characteristics and uses of these materials

and to identify sources of supply, together uith typical regional and

local availabiity.

The reader desiring more detailed information on structural steel

should refer to standard references le.g.,1], 1 or consult with a Profes-
sional Civil or Structural Engineer. Actual designs should be prepared
by professional engineers if time is available.

Shapes- Sizes, and Designations

A. Introduction

Structural steel materials considered include plate, rolled shapes,

pipe and structural tubing, sheet piling, and railroad rail. Standard
shapes, sizes, and designations are discussed for each in the following

paragraphs.

Brackets are used herein to indicate sources in the References list at

the end of this appendix.
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B. Structural Steel Plate

Structural steel plate is manufactured in a variety of thicknesses,
widths, and lengths. Materials are designated as strip, bar, or plate
depending on the relationship of thickness to width. For the purposes
of the present applications, the useful materials are limited to the bar
and plate designations of 1/4" thickness or more, which are grouped in
thickness and width classifications as follows: Nominal thicknesses
(in.) are 1/4, 5/16, 3/8, 7/16, 1/2, 5/8, 3/4, and 1, within which
widths of 3-1/2" to 8" are bars and over 8" are plates.

C. Rolled Structural Shapes

Hot rolled structural steel shapes include products formerly refer-
red to as "I" Beams, "Wide Flange" or "WF"I Beams, "H" Beams, Channels,

and Tees. The present standard designation system (together with the
former system) and size ranges are given in Table E1-1.

The designation system shown in Table El-1 is a method of identifi-
cation for shapes and sizes of rolled structural steel shapes, employing
a standard nomenclature. Its primary use is as a form of abbreviation
for identification on drawings, but it is also recognized throughout the
trade including sources of supply. The present designation includes
three items: (1) type, shape, or group symbol; (2) nominal shape,
depth

and (3) the weight in pounds per linear foot (except for angles, where
the thickness of the metal is given instead).

The designation system was changed in 1970 [1]. Both the current

and former designation systems are given in Table El-1 since older
tables and drawings are still in use.

2 Actual dimensions differ significantly from nominal dimensions for

some shapes. See the last section of this appendix for further expla-
nation.
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Table El-I

ROLLED STEEL SHAPES - DESIGNATIONS AND SIZES

Generic Type
or Group Example Designation Size Ranges

Beams and Columns Present Former From To

Wide Flange Beams
and Columns W8x4O 8VF40 W8x2O W36x300

Standard "I" Beams $8x23 8123 $3x7.5 $24x120

Light Wide Flange
Columns W6x2O 6YF20 W4xl3 W6x25

Light Beams WlOxl5 1OB15 W6xI6 W16x3I

Miscellaneous
Columns M6x25 6M25 M4x13 M8x34.3

Junior Beams Mlx9 lOJr9 M6x4.4 M12xll.8

Miscellaneous Shapes M8x2O 8M20 M8x22.5 MlOx29.1

"H" Shaped Bearing

Piles HP12x74 12BP74 HP12x63 HP14xlI7

Structural Channels

Standard Channels ClOx3O 1OC30 C3x6 C15x5O

Miscellaneous
Channels MC12x45 12x4C45 MC8xl8.7 MC18x58

Junior Channels MCIOx8.4 lOJrC8.4 MClOx6.5 MC12xlO.6

Structural Angles

Equal Leg Angles L5x5x3/4 Z5x5x3/4 L3x3x3/16 L8x8xl--1/8

Unequal Leg Angles L6x4x3/4 L6x4x3/4 L3x2x3/16 L9x4xl

Structural Tees

Cut from Wide Flange
Shapes WT8x25 ST8VF25 WT4x8.5 WTL8x150

Cut from Standard
"I" Beams ST6x25 ST6125 ST3x6.3 STl2x6O

Cut from Miscellaneous
Shapes MT5xlO.5 ST5MlO.5 MT4x8.5 MT5xI4.6

Cut from Light Beams WT7x13 ST7B13 WT3x4.3 WT8xl5.5

Cut from Junior Beams MT6x5.9 ST6Jr5.9 MT3x2.2 MT6x5.9
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Examples of the full description of products under the present and

former systems follow:

W8x40 - A Wide Flange Beam or column (W) of 8" depth and weighing
40 pounds per foot.

S8x23 - A standard "I" Beam (S) of 8" depth and weighing 23 pounds

per foot.

C1Ox3O - A standard Channel (C) of 10"1 depth and weighing 30 pounds

per foot.

L5x5x3/4 - An equal leg Angle (L) of 5"x5" dimensions (outer faces)
and 3/4" thickness.

ST6x25 - A structural Tee cut from a standard "I" Beam (S) of 6"
depth and weighing 25 pounds per foot.

Certain special structural shapes have not been included in Table
El-1 because of their limited availability. These include special car
building and ship building Channels, bulb Angles, Zees, and small rolled
Tee Beams. Sizes and shapes of the car building and ship building Chan-
nels are given in Reference [1]. Details on other special shapes can be
found in manufacturers' catalogs.

0. Pipe and Structural Tubing

Steel pipe (circular section) is manufactured in standard sizes
ranging from 1/8" to 12" nominal diameter in standard, extra stong, and
double extra strong weights. The nominal diameter is an approximation
of the inside diameter of the pipe in the larger sizes of standard
weight. The extra strong and double extra strong weights have reduced
inside diameters corresponding to the increased wall thicknesses.

Dimensions of selected sizes and weights of steel pipes are given
in Table E1-2.

Structural tubing (square or rectangular section) is manufactured
in sizes up to 12" in major dimension. Selected sizes and weights are
given in Table E1-3.

E1-4
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E. Other Structural Steel Materials

The materials listed in the previous paragraphs are those generally

used in steel building framing, bridges, and industrial applications.

In addition to these materials, other structural steel materials may be

found to be useful. These include railroad rails and sheet steel pil-
inlg.

Railroad rails in either a new or used condition offer considerable

strength. Most rail is rolled to an American Society of Civil Engineers
(ASCE) or an American Railway Engineering Association (AREA) pattern and

is classified on both a pattern and weight per yard basis. Table E1-4

lists the properties of selected rail sections.

Sheet steel piling may be available near the coasts and in inland

areas near lakes and rivers. It is rolled in several patterns with
interlocking edges. Patterns include straight web, arch web, and Zee.

Properties of typical sections are given in Table E1-5.
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Table EI-4

TYPICAL RR RAIL SECTIONS - DIMENSIONS AND IGHTS*

Weight Per Yard Height Base Width Head Width
(ib) (in.) (in.) (in.) #

155 8 6-3/4 3

140 7-5/16 6 3

132 7-1/8 6 3

115 6-5/8 5-1/2 2-23/32

100 6 5-3/8 2-11/16

75 4-13/16 4-13/64 2-15/32

* New Condition

# Maximum at bottom of head

Table El-5

TYPICAL SHEET PILE SECTIONS - DIMENSIONS AND WEIGHTS

Nominal Thickness Weight
Width Depth Web Flange Per Ft

Section (in.) (in.) (in.) (in.) (Ib)

Straight Web 15 - 1/2 - 40

15 - 3/8 - 35

Arch Web 19-5/8 3-1/4 3/8 3/8 36

16 1-11/32 1/2 1/2 37.3

16 1-11/32 3/8 3/8 30.7

Deep Arch Web 16 6 31/64 3/8 42.7

16 5 3/8 3/8 36

Zee 21 11-1/2 3/8 1/2 56

18 12 3/8 1/2 57

18 12 3/8 3/8 40.5
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Material Strength Grades

Structural steel is produced in various grades related to strength
and weldability as prescribed in American Society for Testing and Mate-
rials (ASTM) specifications. Applicable specifications include:

ASTM A7 Steel for Bridges and Building

ASTM 36 Structural Steel

ASTM A242 High Strength Low Alloy Structural Steel

ASTM A373 Structural Steel for Welding

ASTM A440 High Strength Structural Steel

ASTM A441 High Strength, Low Alloy Structural Manganese Vanadium
Steel

The principal variation among the types relates to strength as
indicated by yield point. All are weldable except A440, which is not
recommended for welded use. The yield point specification values (psi)
are:

A7 33,000

A36 36,000

A242 42,000

A373 33,000

A440 42,000

A441 42,000

Rail Steel 39,000

The various standard products are generally produced in grades as

follows:

Bar and Plate: A7, A36, A242, A373, A440, A441

Pipe: A7, A36

Railroad Rail: AREA Specification

Rolled Structural Shapes: A7, A36, A242, A373, A440, A441

Sheet Pile: A7, A36

Structural Tubing: A7, A36

EI-9
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Principles of Use and Application

A. General Principles

Structural steel materials are capable of providing relatively high

degrees of blast-resistant upgrading as compared to wood; however, they

present more difficult problems in fabrication and installation. The

principle problems are cutting to size, plus fastening of individual

members to each other and to the the basic shelter space structure. The

methods of fabrication and installation will vary somewhat between expe-

dient and engineered upgrading applications because of available time

and skills.

a. Expedient Applications

The expedient upgrading process will be limited by available time

and the skills of the work force. In this process the following general

principles should be applied:

(1) The structure (closure, beam support, etc.) should be designed

around the material readily available locally.

(2) All cutting to size should be accomplished at the point of

supply, where flame cutting, sawing, or shearing may be readily accom-

plished. On the job cutting would present extreme difficulty, although

rough oxyacetylene cutting may be possible if tools and skills are

available.

(3) Fastenings should be restricted to simple bolting wherever

possible. Bolt holes may be drilled locally although it also would be
more efficient to have this done at the point of supply. Fastenings

should be designed so as not to be stressed by the blast wave, i.e., the

blast wave should add no tension or shear load to the fastenings.

(4) The size and weight of individual structural members should be

limited to that which can be handled and erected by a few men without

the use of heavy materials-handling equipment.

(5) Advantage should be taken of crisis build-up time to procure

pre-cut and pre-drilled material, and to store it for immediate use in

the proposed shelter space.

(6) Material strength grades should be limited to A7 or A36 grades

wherever possible because of the greater ease in cutting, drilling, or

welding.
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b. Engineered Applications

The engineered application process permits the utilization of a

normal time-frame for design, fabrication, and installation (where

desired). The design should be accomplished by a Professional Civil or

Structural Engineer and the conventional procurement, fabrication, and

installation process should be followed. In this case:

(1) Advantage may be taken of higher strength materials.

(2) More sophisticated fastening systems may be employed to obtain

material economy through the use of moment-rsisting joints and other

economic design features.

(3) Structural welding of subassemblies may be employed, and final

erection may also utilize welding, if the structure is to be installed

immediately. If the parts of subassemblies are to be stockpiled, how-

ever, certain principles listed above for expedient applications -

i.e., those related to size, weight, and bolting - should be followed.

Such stockpiling is applicable where immediate installation might inter-

fere with the normal use of the proposed shelter space.

B. Potential Applications

Potential applications of structural steel materials in blast shel-

ter upgrading are listed in Table E1-6. For specific design data, mem-

ber sizing, and blast resistance, see Appendix D1.

Local Availability

A. Manufacturing and Distribution System

Structural steel products are manufactured on a regional basis with

major production centers (mills) located in the Ohio Valley, Great Lakes

region, Eastern Seaboard (Baltimore), Southeast (Alabama), Rocky Moun-

tain region (Utah and Colorado), and California. In addition, imports

are available generally at seaboard locations. The distribution system

is from mill to regional warehouses, or to combination warehouse-fabri-

cation yards, with either type owned by the major structural steel prod-

ucers or large independents. The mill inventory also serves as a

regional stock.

The regional network is supplemented by a system of local ware-

houses and small fabricators, usually of an independent nature. The

local facilities obtain their supplies from regional warehouses or

direct from mills for large ,-s.

E1-11A
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Imported materials go to the independent regional establishments or
to large volume local dealers.

Except in the least populated areas of the country, a regional or
local warehouse may be expected to be found within one-day truck dis-
tance (say 100 miles) of any population center.

All establishments have capability of some fabrication, the minimum

being drilling and cutting to size (flame cutting, shearing or sawing).
Most also have welding and grinding facilities for orefabrication to
some degree. These capabilities should be used to the maximum to reduce
on-site problems.

Many salvage yards also maintain sone sizes of both new and used
structural shapes in limited quantities.

Railroad rails are usually procured by the railroads in large quan-
tity direct from mills and are stockpiled at division points and other
central locations. Both new and re-rail (used) materials may be pro-
cured from these sources under emergency conditions. Re-rail from main
lines is used by the railroads for the construction of sidings, yards,
etc. In some cases re-rail materials are handled by specialty salvage
firms to be resold or converted to scrap.

Limited amounts of sheet pile will be found in regional warehouses;
however, specialty firms deal in both new and used materials. Sheet
pile will be generally found to be more available near the seaboard than

elsewhere.

Local sources of structural steel products are easily identified
from the yellow pages of telephone directories under the headings of
"Steel Distributors and Warehouses," "Steel Fabricators," "Steel Mills,"
"Steel, Used," etc.

B. Typical Availability

Because of relatively high costs, neither regional nor local
sources maintain inventories of all potential sizes and shapes of struc-
tural steel products. Large and specialty orders must usually be pro-
cured directly on mill order. The stockage will consist of those prod-
ucts and shapes used in relatively large quantities in the area served.
These products will generally be limited to those used in the general
building work of the area served, usually on medium-sized and smaller
buildings, or the equivalent. In a large urban area, however, a fairly
wide range of products and sizes would be found among al of the availa-
ble suppliers. Typical availabilities are indicated in Table E1-7 for
"regional warehouses" and for "local suppliers". In all cases, however,
availability should be determined before proceeding with design.
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Dimensioning Practice For Rolled Structural Shapes

Dimensions of rolled structural shapes are generally given in nomi-

nal form for depth and width. As a result of a variety of factors

including economy in the use of rolls, roll wear, roll re-dressing,

etc., a substantial variation of actual dimension from the nominal is
produced. The greatest variations result from the process of obtaining

heavier weights per foot by "spreading the rolls," thus obtaining
greater flange and web thicknesses. This practice permits the rolling

of a variety of shapes with the same nominal dimensions on the same set

of rolls. Any design or use of structural steel shapes for blast shel-

ter upgrading purposes requires attention to the actual dimensions of

the section as opposed to the nominal dimensions. Both nominal and

actual (within rolling tolerances) dimensions of the available rolled

shapes in the various weights are given in Reference (11, as well as in
American Society of Civil Engineers and mill literature. Dimensioning

practice varies with the type of shape and is summarized in the follow-

ing paragraphs.

A. Wide-Flange Beams and Columns (W and HP Shapes)

For a given nominal depth (outide-to-outside of flanges dimension),

there is a constant (inside-to-inside) dimension between flanges. The

latter remains constant while the former varies with the weight of the
section. For example, a W12 section has a constant actual inside flange

dimension of about 10-7/8" (actual 10.908") for weights of 40 lb/ft and
heavier, while the actual outside depth ranges from 11-7/8" to 14-3/8"

with increasing weights per foot. The flange width also varies with the
weight, being 8" for a 40 lb/ft section (W12x45) and 12-5/8" for a 190

lb/ft section (W12xl90) [I(p.1-17 and 1-38)1.

B. Standard "I" Beams (S Shapes)

Differing from wide-flange beam practice, standard "1" Beams are

rolled with the actual depth (outside-to-outside of flanges dimension)

being equal (within mill tolerances) to the nominal depth. Thus the
nominal outside-to-outside depth is the constant, rather than the
inside-to-inside depth as in the case of the wide-flange sections.

Weight per foot variations result in changes in web thickness and flange

width. Thus an 8x4 "I" Beam of 18.4 lb/ft ($8x18.4) has a web thickness

of 1/4", a flange (maximum) thickness of 7/16" and a flange width of 4".

Increasing the weight to 23 lb/ft ($8x23) results in a web thickness of
7/16" and a flange width of 4-1/8" while the flange thickness remains at
7/16" and the actual depth at 8".
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C. Channels (C and MC Shapes)

Standard Channels are rolled and dimensioned in a similar manner to
standard "I" Beams with the actual depth (outside-to-outside of flanges
dimension) being constant and equal to the nominal depth. For each
depth, increased weights result in increased web thickness and flange
width while the flange thickness remains constant.

0. Angles (L Shapes)

Variation in weight per foot for Angles is obtained by uniform
increase of thickness of legs.

E. Tees (MT. ST. and WT Shapes)

Since Tees are cut from the various beam shapes indicated, dimen-
sioning practice follows that of the basic shape.
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